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q Assistant Professor of Industrial 
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INTRODUCTION 
HE making of felt is centuries old. 


Oriental shepherds are supposed 
to have discovered accidentally the felt- 
4 ing property of wool when subjected to 
; heat and moisture and gentle pressure. 
It was known to the Greeks; Pliny says 
the Gauls made a felt so strong that it 
would resist a sword stroke, especially 
if they used vinegar in making’ it. 
Saxon writers mention ‘‘fellen haets.’’ 
According to the legend, St. Clement 
the Roman, patron of the hatters, once 
on a pilgrimage lined his sandals with 
wool to ease his feet and found that 
the heat and sweat and pressure had 
formed a sandal of felt. For lone ages 
the primitive method of making felt 
hats persisted and may be seen even 

ow in China. Fur, eut from the skin 
»y hand and blown up into the air by 
the vibrations produced by striking’ a 
bowstring, fell over a cone-shaped form 
id was covered and pressed with a 
et cloth. These processes now are 
arried on by machines, almost all of 








This is the first of a series of six articles. 
Clare to appear in THIS JOURNAL. dealing with 
rious phases of felt hat manufacture. Received 
publication Feb. 28, 1922. 
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FUR CUTTING AND FELT HAT 


MANUFACTURE* 


Anuick Hamiuron, M.D. 


Vedicine, Harvard Medical Nchool 


American invention, and so to a certain 
extent are the subsequent processes of 
shrinking and hardenine’ the felt and 
shaping and smoothing the hat, al- 
though hand work still persists in some 
of the most modern factories where it 
is held that no machine ean take the 
place of the trained hand of the sizer 
or blocker or pouncer. 

The features that have given to the 
felt hat industry its reputation as one 
of the worst of the ‘‘dangerous trades’’ 
are the presence of great quantities of 
fine fur in the air of workshops and 
the use of acid nitrate of 
an aid in the felting of 


mercury as 
fur.’ The fine 
hairs which form the fur of rabbits’ 
skin and of the skin of hares, musk- 
rats, beavers, ete., are smooth, resil 

ent, and straight. with 
some chemical which makes them limp, 
twisted, and rough greatly aids in the 
felting’ 


Treatment 


process, and many chemicals 
have been shown to produce such an 
effect. 
of mereury now used in the prepara- 
tion of 


with the possible exception of Russia. 


Among them is the acid nitrate 


hatters’ fur in all countries, 


'The making of wool felt is not accomplished 
by the use of nitrate of mercury and is not 
included in this study. 
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This method has rooted itself deeply 
in the industry during more than two 
centuries. It has been traced back to 
the middle of the seventeenth century 
when it was a secret in the hands of 
a few French workmen, evidently 
Huguenots, for at the revocation of the 
Edict of Nantes in 1685, when the 
Huguenots fled to England, they car- 
ried the secret with them, established 
the trade there, and for almost a cen- 
tury thereafter the French were de- 
pendent on England for their felt. In 
Mrance the fluid was ealled and is still 
called le secret, the process sécrétage, 
the workers sécréteurs, but in Enelish- 
speaking lands the words carrot, car- 
rotting, and carrotters are used because 
when white skins are thus treated and 
heat-dried they take on a carrot color. 
The formula used is still more or less 
a secret, although probably the propor- 
tions of mereury and nitrie acid do not 
vary much. The French formulae, 
some of which are used also in this 
country, are said to eall for the addi- 
tion of white arsenic, As.O., and of 
mereurie chloride. Arsenic has also 
been found in the water of a sizing 
kettle in England. The trade is classed 
as dangerous above the average in 
Muropean countries and bears an espe- 
cially bad reputation in France, Bel- 
vium, and Russia. 

This report is the first of a series of 
articles describing an investigation of 
the hatters’ furriers’ trade and of the 
making of felt hats in the United States 
and in Kurope—an investigation un- 
dertaken by the Division of Industrial 
Ilveiene of the Harvard Medical School 
In 1921 and 1922.° The felt hat imdus- 
trv is a verv important one in the 
United States and several fairly exten 
sive studies have been made of eondi- 


tions in American workshops and. ot 


The work was made possible by the generosity 


an nhonvmous donor 


the health of the men and women em 
ployed. The earliest studies wer 
made in New Jersey in 1860, 1878, and 
1886, and it is the New Jersey Depart 
ment of Labor, under Commissioner 
Lewis T. Bryant, which has done th 
most efficient work in the sanitation 0! 
the industry. The establishments i 
New York, chiefly in and around Ney 
York City, have been investigated by 
the state factory inspection service and 
more recently by the New York City 
Department of Health. Finally, the 
National Civie Federation made a 
study of industrial mereurialism and 
in 1912 published a report of 102 cases, 
the majority of them having their ori 
gin in the felt hat industry of Brook 
Ilvn, Yonkers, Newark, and Orange. 

Irom the perusal of these reports, 
especially the two last, one gains the 
impression that felt hat making is a 
trade with far more risk of occupa 
tional disease than the average, and 
this impression is strengthened by the 
attitude of the chief industrial insur- 
ance companies, which, as we shall see 
later, class as undesirable risks a num. 
ber of groups of workmen in this trade. 
Yet it is hard to substantiate this im 
pression by visits to the hatting cen 
ters and by interviews with employees 
and with doctors. Danbury, for in 
stance, is practically a single industry 
town; the physicians there all have hat 
ters among their patients. I inter 
viewed ten physicians who had been in 
practice from three to thirty-five vears 
and, though their opinions varied, none 
of them believed that the effects of th: 
trade as now earried on were seriou: 
The workmen with whom I talked he 
much to say of the unhealthfulness 
the trade vears ago, but the impro. 
ment of late had been so great as 
make them feel that the industrial | 
surance companies were unreasonable 
classing them as bad risks. 


#5 lpetorih 
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That mereurialism is a danger in the 
atters’ trade is denied by nobody, al- 
‘hough opinions differ as to its tre- 
ueney and its seriousness, but coneern- 
ne the second conspicuous feature of 
‘he industry, animal dust, there is most 
contradictory evidence. Dust, consist- 
ne of fine fur particles and sharper, 
arder hair particles, 1s present in 
abundance in the earlier processes and 
‘o it is added, in the later stages, fine 
silicon dust, produced by rubbing the 
formed hat with emery paper to smooth 
There is no difference of opinion in 
regard to the harmfulness of the sili- 
but 


revard to the fur and hair dust, some 


con dust, decided difference with 
authorities assuming that it is by its 
nature harmtul and that, therefore, the 
chormous quantities produced in cer- 
tain processes must constitute a serious 
danger, others declaring that they can 
find no evidence of injury among men 
and women workine in these proces- 
Ses. 

With this conflicting evidence before 
ls, it seemed worth while to undertake 
a thorough study of a typical hatting 
town and of the men actually employed 
in the trade. It was hoped at first to 
include Orange, New Jersey, in the 
study, but work was so slack there that 
nothing could be done, and we had to 
confine ourselves to Danbury, Connecti- 
cut. The inquiry, as planned, fell into 
Ix branches: 
the 

and otf 
the 


l. Deseription ot 
elt hat 


tions in 


processes ot 
the 
United 


manutacture ceon- 
workshops in 
lates and in Europe. 

diseases of hatters as 


the 


revalenee in different countries. 


”. Industrial 


scribed in literature and_ their 


». Physieal examination of typical 


ups of working hatters with X-ray 


tures of their lunes. 


lixamination of dust and vapors 
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in the air collected in different depart- 
ments. 

Oo. An experimental study of the pro 
cess of felting in order to see if some 
non-potsonous compound ean be substi- 
tuted 
how 


for the acid nitrate of mereury 


almost universally used in the 
preparation of fur for felting. 

6. Analyses of fur from different de- 
partments in order to discover at which 
stages there is a loss of mereury, for 
in this way it will be possible to ascer 
tain the departments in whieh the risk 
of mereurial poisoning is greatest. 
PREPARATION OF 


DESCRIPTION OF THE 


Kur AND OF Hat MANUFACTURE 


The felt hat industry is divided into 
three parts, although all three may be 
earried on in one plant and two very 
Hirst 
ting, which ineludes the preparation of 
raw for earrottine (treatment 
with nitrate of mercury), carrotting, 
drving, brushing, cutting fur from the 
pelt, sorting the different grades of cut 


commonly are. comes fur cut- 


skins 


fur, packing it in paper bags, and blow- 
ine raw and carrotted fur. 

This branch is wunoreanized and 
manned very largely by foreigners. It 
does not require an expensive equip- 
ment and many of the fur cutting shops 
are small and very cheaply built and 


managed. Sometimes fur cutting in 
eludes reeclaimine waste fur of all 


kinds and waste felt from hat factories. 


The seeond branch is hat making’ or 


“back shop’? or ‘fwet work,’’ which 


hegins with blowing and includes torm- 
ine, hardening, sizing, and the multi 


tude ot processes for shrinking and 


shaping the felt. It may also include 
what is called preliminary pouncing— 
that is, rubbing off hairs with fine sand- 
paper. 


The third branch is hat finishing or 
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“front shop’? or ‘fdry work,’’ which 


includes dry blocking, shaping, finat 
pouncing, and pressing (finishing), and 
also stitching, banding, trimming, ete. 

In the description of the processes 
of felt hat manufacture no consideration 


will be given to any aspect of the work 


except the hygiene, The ditterent 
methods are discussed only with = re- 


vard to their effects upon the health of 
the men and women who use them, with 
Out any consideration of the execllence 
or inferiority of the product. It may 
he that the features of Italian, (‘zecho- 
Slovak, 


aroused my admiration, are regarded 


and British plants, which 


with contempt by American hatters as 
producing an inferior felt, but it is the 
worker who is under consideration im 
this report, not lis produet. 

It would be unfair to make any e#en- 
this 


the United States without qualifying it, 


eral statement about Industry mM 


for there are always at least a few 
shining exceptions to every indictment 
the im- 
While fur cutting 


plants are usually poorly built, crowd 


one is ftoreed to brine’ against 


dustry as a whole. 





ed, dark, il-ventilated. and almost in 
eredibly dusty, there are several which 


well 


are constructed and well man- 
aged and which compare favorably, in 
every respect, with the best im Ku- 
Pope. This 1s especially true of a large 


factory in Philadelphia, where all the 
branches are carried on under the same 
root, and of two in Brooklyn, and one 
Standards, on the whole, 
than in New 
York, and not quite so high in New 
York as in New Jersey. 


mn Danbury. 


are lower in Connecticut 


lat making plants require a much 
larger outlay of capital, they are bet 
much 
more mM 


employ ‘i 
Mlueh 


eenuity has heen expended in the ef 


ter eonstrueted and 


higher elass of labor. 


fort to do away with the sourees of dan 


INDUSTRIAL 





t 


HYGIENE 


ver and of discomfort in this brane! 


vet the difficulties are great and ofte ; 
they have not been surmounted. It is : 
i 


very common to find the blowing roon 
thick with dust which flies through th 
air and lodges on every surface, an 
the forming and sizing departments ful 
of steam, the floors awash, and wate) 
Hat fin 
ishing is, on the whole, less troubl 


dripping from the ceiling. 
some, aud conditions in the trimming 
rooms are usually 200d -often exee! 
lent—but the pressing and pouncing de 
partments are among the most danger 
ous in the industry, and here the safe 





euards may be very inadequate. 

In comparing American with Euro 
pean plants, one finds that the advan 
Hrench 

hetter 


tages are not all on one side. 


fur euttine has some features 
than those in Danbury but at least on 
which is worse. Hnelish hat manufac 
ture is superior to American in one de 
partment only—the forming room. The 
that J 


in ('zeeho-Slovakia 


factories visited in Italy and 


were vast in con 
struction, especially those in Italy, with 
more than ample space, so that any air 
contaminating substance is greatly di 
luted, 


made durine the ereat 


Mv visits to these factories were 
heat of July, 
1921, vet | suffered less discomfort than 
| had in Danbury in April and in May. 
ln both plants cool air was driven into 
the heated rooms with so strong a dratt 
Thi 


windows on the sunny sides were cov 


that it blew one’s clothing abont. 


ered, either with heavy linen curtains 
blinds. Steam 
boiline kettles and tanks was removed 
more efficiently than in the great ma 
jority of American plants, and the work 


or with Venetian fron 





in the forming rooms was dry and eas\ 
While in American plants it is wet and 
heavy. The drainage of floors i 
American plants always leaves some 


thing to be desired, usually a great deal. 





beach. yh 
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in the Borsalino factory, in Alessan- 
dria. the cement floors in the wet rooms 
are stamped in squares with deep lines 
<5 that the feet will eateh and not slip, 
and this permits a much steeper slope 
‘¢ the floor than is possible with smooth 
cement. 

The eare of the individual workman 
has never been a responsibility of the 
employer in this industry in the United 
States. It is eustomary to provide 
lone rubber gloves for the carrotters, 
but other working clothes, as well as 
soap and towels, must be provided by 
the workman. In France, Germany, 
(ireat Britain, and Czecho-Slovakia, all 
men and women who handle fur atter 
it has been ecarrotted must be furnished 
full suits of working clothes, inciuding 
caps, and in Italy, although the law does 
not require it, I found it done in the 
Borsalino factory, and im Valera and 
Ricci’s, near Milan. Medical inspection 
of all workers exposed to mercury 1s 
required in these countries, with the ex 
ception of Italy. It seem to 
be provided in any American plant. 

The deseription 


does not 
viven here is not 
technical; it deals with the various pro 
cesses Only so far as Is necessary in 
order to the unhealthful 
features, if there are any. For a thor- 
ough, expert report on the technical 
problems of ventilation, steam, fume, 
and dust prevention Or removal, lieht- 
ig, ete., the reader is referred to the 
cry complete report compiled by Miss 
ilian Krskine (1) for the New Jersey 
VYepartment of Labor, and published in 
iJlo, under the title Sanitary Stan- 
‘ards for the Felt Hatting Industry. 
odels ot exhausts, hoods, etc., may be 


cn im the state Museum of Safety in 
ersey City. 


demoustrate 


Fur Cutting 


, ’ ° ry . ’ 
Raw Skins —The handling of raw 


fur is filthy work; the odor is very 
disagreeable and rarely is any effort 
made to lessen the unpleasantness. The 
skins are in sleeve form as they come 
from the trappers who pull them off 
as one pulls off a glove. They are first 
dampened, then eut 


with 


open, cleaned 


knives, stretched, cleaned in 
tumblers with sawdust, or carded with 
a wire brush, and then the lone stiff 
hairs must be removed for they will 
not felt. Hand plucking or pulling is 
considered by far the best way to get 
rid of these hairs, but it is done ona 
large scale only in Belgium, and Bel 
vian hand-plucked skins are sold to the 
trade all over the world. In Ameriea, 
machine plucking is done and the long 
hairs from beaver and nutria skins are 


sometimes plucked by hand, but the 


common method of riddine the skin of 


hairs is to put it through a shearing ma- 
chine and cut off as much hair as pos- 
sible without injurine the fine fur. This 
shearing may be very dusty, as, for ex 
ample, in one Brooklyn plant, where 
the air was chokine and the machines, 
the windows, and all surfaces were thick 
with dust. On the other hand, this same 
department in the Mutual Fur Cutting 
Mactory in) Danbury was beautifully 
clean. 

It seems to be generally assumed that 
this fur dust is dangerous and must be 
removed. In Htckel’s factory in Neu- 
titschein, each bench for machine pluck- 
ing is furnished with an exhaust, and J] 
saw an equally good arrangement in 
Jonas and Naumberg’s plant in Brook- 
Ilvn. How important it is to remove 
the fur dust in these raw tur depart 
ments it is impossible to say until we 
know more about the effect of such fur 
on the respiratory tract. 


Carrotting—The applheation of mer- 
eurie nitrate, or carrotting, comes next 


and may be effected by hand or by ma- 











| 
| 
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chine. The hand worker dips a. stiff 


brush into the solution® and serubs 
it vigorously into the fur side of the 
skin. The machine operator passes a 
raw skin under a revolving’ brush which 
dips down into the ‘‘earrot’? and then 
runs over the fur. There does not seem 
to be mueh difference between the two 
processes unless it be that the hand ear- 
rotter is more exposed to fumes. His 
advantage, however, is not great sinee, 
although the machine for carrotting is 
covered, there is often a fine spray from 
the brush. The machine operator ear- 
rots 5,000 to 6,000 skins a day and 
piles them up on a beneh and on the 
(oor around him; the hand carrotter can 
finish only about 2,000 a day. The men 
protect their hands with rubber gloves, 
their forearms usually with stocking 
levs, and they often wear a pad of felt 
Or Wool Over the chest and abdomen. 
In the Stetson plant in Philadelphia, 
there is an excellent carrotting room 
on the Lop floor with windows on four 
sides and in the root. Both machines 
and hand work are used and the ma- 
chines are hooded and provided with 
suction exhausts. This is not true every- 
where and local exhausts are rarely 
seen on benches for hand earrotting. 
The best I have seen is in Hutiekel’s fae- 


tory; the opening, 7 inches high, 
runs alone the back of the beneh and 
a proof that the draft is good is seen 
in the fine fiutf of fur over the wooden 


eratine which protects it. The advan- 


tage of a fairly equable climate is seen 
in one of the French fur cutting plants, 
where all the earrottine 1s done In an 
Open eourtvard, eovered with cl olass 
root. In our northern states, this would 
he freezine cold in winter and unbear- 
ably hot im summer. 

Qne speeial kind of earrottine Is a 
bad feature in most plants that use it. 


Known as the “enrrot ” 


This is the carrotting of fur scrap 
tanks, often uncovered, then eentrifug 
ing off the fluid and spreading the fw 
about to dry in the open air. 
Carrotting fluids differ in ditferen' 
countries and in different factories i) 
the same country. Heucke (2) gives th 
lormula in general use in Germany as 
follows: mereury, 20 parts; nitric aeid. 
80 (40-36 Be diluted to 11 Bé). Yellow 
carrot has more nitric acid, white more 
Acecerdinge to Montagne 
(These de Paris, 1901) the formula gen 


mereury. 


erally used in France tor carrotting is 
mereury, 8 parts; nitric acid, 64 parts; 
white arsenic and mercuric chloride, 
each 4+ parts; the whole diluted with 
varying quantities of water. Chaplet 
(3) says that the French use for white 
carrot: mereury, 40 em.; nitric acid 
(36 Be), 125 om.; water, 1 liter. Monti 
(4) says that the Italians use 32 parts 
of mereury to 100 parts nitrie aeid (36 
Be) tor white earrot; for yellow, 16 to 
20 parts of mereury to the same amount 
of acid, both diluted with water. The 
carrot used in New Jersey, according 
to Miss Erskine, is mereury, 20 to 30 
pounds; nitric acid, 100 pounds, dilu 
ted with 20 volumes of water. Stetson’s 
procedure is as tollows: 19.69 per cent. 
mereury, 51.79 per cent. nitrie acid (98 
Be). This, diluted to 13 Bé results in: 
mereury, 4.28 per cent., and nitric acid, 
6.89 per cent., which is the strength 
actually used in ecarrotting. 

Drying —Iit is in dryine that mor 
than half the mereury is said to be los' 
by vaporizing. Heaps of freshly ea 
rotted skins are earried on men’s 
shoulders to be dried with heat for vel 
low carrot, or at ordinary temperatur 
for white carrot. Americans use about 
SO per cent. of vellow earrotted furs. 
and 20 per cent. of white, the Europea) 
procedure being just the reverse. Fo 


vellow carrot, the usual way is to dr 


fete = ee 
tek thd 




















































; skins in great ‘‘stoves,’’ which are 





»-enclosed rooms containing a series 
heated shelves; in some factories 
shelf has its own long, narrow 
ening closed with a metal flap. ‘The 
nus are spread on long trays, then 
syed in on the shelves, and after an 
ur or so drawn out through the nar- 
opening. This is a good arrange- 
ont. much better than wide doors; 
oyertheless, the great tray of hot skins 
undoubtedly a souree of mercurial 
mes which are breathed, not only by 
e men who tend the stoves, but often 
\ the ecarrotters as well, for the stoves 
ire often in the carrotting room. A de- 
idedly worse method is to place the 
skins on racks and provide the stoves 
with wide doors through which the 
racks may be pushed in and pulled out. 
The best arrangement of all is to be 





sec in some New Jersey plants. It 1s 
essentially an endless wire apron pass- 
ing slowly along over steam pipes, with 
4 harrow opening for a feed door, an 
automatic discharge, and an in-dratt to 
prevent the eseape of fumes. 

\hite carrot is sometimes dried over 
ihe stoves, but usually in a separate 
room at ordinary temperature, the 
skins being hung or spread about a 
arge room which sometfmes opens in- 
io a working room. There seem to be 
iiferent theories with regard to white 

rrot. In one plant, air is driven in- 

ihe room by fans, in another no 

tilation is allowed, for it is held 

the skins must dry in still air. 
oriug—Before storing, the dried 

ust be dampened and this work 
ten done by women. All who han- 
‘he carrotted skins show deep yel- 
stains on the hands, and it is in- 
ble that they should inhale volatil- 
| mercury. ‘The storage rooms in 








the skins are stacked for varv- 


eriods to “‘ripen,”’ sometimes for 
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many months, are often in the base- 
ments of the building and poorly venti- 
lated. The work ot the storage room 
man, filling and discharging the great 
wooden slatted bins, is regarded as un- 
desirable, even by the most optimistic 
employer. Storage rooms should be 
quite shut off from workrooms, but | 
have seen them opening—and the doors 
open at the time—into the fur-mixing 
room, into the brushine room, and in 
one ease storage room and earrotting 
room were the same. Since wood ab- 
sorbs mereury, the New Jersey Depart- 
ment of Labor advises against its use 
in the construction of storage rooms. 
Brushing—Brushing the carrotted 
skins 1s usually done by machine. Ob- 
viously, from this time on, dust is a 
much more serious item than it is im 
the raw skins department, for it Is now 
laden with mereury. The man, or more 
often woman, brusher, usually works at 
a bench with a pile of carrotted skins 
lving on an iron shelf under which is 
the brush. She holds the skin against 
two rolls which cateh it, carry it over, 
brush it, and brine it back again to be 
pulled out. These women have vellow 
stains on their hands. The dust may 
be carried off by exhausts if the brush 
is so arranged that it revolves away 
from the brusher, and this is some 
times true, but when, as in some face- 
tories, it runs toward the brusher the 
exhaust cannot catch all the dust and a 
fine fluff can be seen on the face of the 
brusher, especially on the ehin. 
Cutting—The ecuttine machines are 
an American invention, very efficient 
and horribly noisy. This is by far the 
most trying part of a hat factory to 
the outsider, for the din made by the 
machines is almost intolerable. The 
cutter, almost invariably a man, feeds 
the skin into the machine which, by 


means of stationary and rotary knives, 
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shreds away the pelt and delivers the 
fur on a flat tray. Women sorters, sil- 
ting at a long table in front of the eut- 
ter, receive this tray. Their task is to 


remove bits of skin and tangled fur 


(‘*daes’’), and then to sort the fur in- 
to different ewrades, the cheeks and feet 
forming the inferior, the center of the 
back the superior grade, except in tbe 
ense of water animals, whose best fur 
is on the eenter of the belly. Krom three 
to five sorters work with each cutter. 
This is what is called in HEneland ‘*loek- 
ine’ 

The shredded pelt, which looks like 
excelsior and is known to the trade as 
‘noodles,’’ is evathered up from the 
floor and, if there is a wood deal of tur 
clinging to it, it is shaken violently, a 
dusty procedure, which should not be al 
lowed, and which is not necessary be- 
cause a well-set cutting machine will de 
liver very clean noodles. The final des 
tination of the shredded pelt is a glue 
factory. 

The fiutt in the euttine room is sel 
dom abundant but is very fine and ean 
sometimes be seen on the women’s hair 
or on the caps they usually wear to 
protect their har. But conditions im 
cutting rooms vary greatly in this re 
spect. In the Mutual Fur Cutting Fae- 
tory in Danbury the sorters are all 
Svrians, and | could see no dust at all 
on their shinine black hair. Work im 
the cutting room is not considered as 
bad as in subsequent departments 
where steam is a prominent feature, 
and this impression is doubtless Justi 
fied since the Mmereury volatilizes less 
in the absenee of heat. 

Storing Fur-——TVhe women sorters 
weigh the eut fur and pack it Im paper 
baes, which go to the storage room for 
eut fur, another notorious source. of 


mereury fumes and usually very poorly 


ventilated. In the plant of Jonas and 
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Naumberg in Brooklyn, great pa 
have been taken to remove the mere 
al fumes by driving in fresh air fr 
above and applying suction exhaust 

low, 

‘*Blown fur’’ is reclaimed fur, serays 
pasted on paper and put through a ¢ 
ter. It is mostly raw with a little es 
rotted tur. Ordinary fur is known 
‘cut fur,’’ even if it has been alread 


blown. or reclaiming, pieces of fir 


from garment shops are chopped and 
blown, ‘‘roundines’’ of felt from hat 
shops are bleached, chopped, and blow) 

all of which is dusty work, but lare: 
lv free from mercury. 


Hat Making or ** Back Shop”’ 


Miring—TVhe tur from the eutting 
shop is mixed by hand or by machine 
and then goes to ai ‘devil?’—r.e., 
cone-shaped box with a tan bringing in 
a dratt of air to blow the fur, and teet! 


which revolve and pick apart the fur 


so that the draft can eateh it and mis 
the different varieties tovether. 
Blowing —This is almost always al 
excessivel\ dusty process in Americal 
plants; mdeed, I have seen but fou 
which were fairly dust free. The blow 
er is essentially a series of compar’ 
ments, usually six, enclosed in fine wire 
netting and furnished with a travelling 
apron which feeds in the fur and with 
rapidly revolving pickers which cat 
It, pick it apart, and toss it in the ¢ 
rent of air formed by their revolutio: 
lettine the heavier hairs and the di 
fall to a space between the apron a 
picker. This air, of course, passes | 
through the netting, and the amount 
fur carried out depends on the rapid 
of the revolution of the pickers and 
so somewhat on the quality of the t 
for if a great deal of short fur a 


; 


‘rounding’? e., ground-up | 


itt cama 





























nmings—form part of the mixture, 
sre will escape during the process of 
owing. The fur tends to eake or felt 
oy the inner surface of the netting 
dd must be shaken down by beating on 
- outside, a procedure which is some- 
aes done by machine, sometimes by 
nd. It also cakes within the machine 
d the task of cleaning Is very dusty. 
\foisture is necessary to keep the fur 
om clinging together im masses, and 
Is Is commonly provided by jets ot 


am driven into the room through 


ipes placed at intervals. ‘The com- 


vation of steam and chokine dust 
akes the usual American blowing room 
trving place. 
bouteas thickly as snow in a heavy 
now storm, and in one Danbury plant 
he steam and fur had formed a solid 
felt coatine over the windows. In a 
Brooklyn plant, the dust from the ma- 
ines was inereased by the use of com- 
pressed air to blow the accumulation 
of tur off the top of the apparatus. In 
ch places, the men are covered with 


4° 


faces, hair, and = clothine—and 
chew tobacco constantly because 
expectoration helps to get rid of 

he fur in the throat. 

The great Stetson plant in Philadel- 

hia has an 

draft 


lrong as in other plants, but a heavy 


excellent blowing room. 


within the blowers is. as 
cloth hood with the e'lazed side under, 
ving over the blowers. prevents dust 
nl escaping. Another excellent fea- 
, Which I have seen nowhere else ex- 
tat Stetson’s and in the Mutual Fur 
ling Factory in Danbury, is the de- 
'v of steam into the machine instead 
to the room, which means that far 
steam is needed and that 
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| have seen fur flying 


the air 
¢ room is not so unpleasantly hu- 

In both these factories, mechani 
veaters flap continually against the 
ork to dislodee the dust. 


Kuropean blowing rooms are far less 
dusty, they are freer from fluff than the 
best American, and vet the blowers are 
not covered. It seems to be a question 
of the rate of revolution of the pick 
ers; the more rapidly they revolve, the 
ereater the air current and the greater 
the escape of dust. Certainly, the blow 
ing rooms in the HEnelish, Itallan, and 
(‘zecho-Slovak faetories which I visited 
formed a strong contrast to the usual 
American departments, although none 
had so good a humidification system 
as Stetson’s and as Buzaid’s. In one 
of the Italian factories, Valera and Rie 
ci at Monza, no humidification at all is 
used; they do not find it necessary in 
that warm climate. 

The New Jersey Department of la 
bor believes that humidification is great 
ly overdone in most factories, that 11 
Is quite unnecessary in warm weather, 
and that the usual 65 to 75 per cent. 
humidity is needed only in cold weather 
when the fur is full of electricity. 

Formiig. The ingvenious machines 
used for forming in every country are 
of American invention. Blown fur is 
weighed by girls into quantities sufh 
clent each for one hat. The e@irls stand 
at the back of the former (the machine 
is known as the former, the operator 
as the coner), and a traveling belt car 
ries the weighed fur to a great evlinder 
where it meets a picker which picks it 
steam 


apart. It then 


which 


meets jets of 


warm and moisten it; then a 
strong current of air catches it) and 
sucks it down over a perforated brass 
cone which is placed on a turn-table im 
a chamber at the end of the eytinder. 
This forms an even, loosely compacted 
laver of felt over the copper cone about 


The 


and a puff 


three times as large as is desired. 
coner opens this chamber 
of dust always escapes as he does so 


throws a burlap wrung out of boiling 
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water over the cone and its delicate fur 
covering, fits a similar cone over it, 
lifts them off and plunges them into a 
tub of boilne water which stands be- 
side the former.’ This gives the fur 
cone its first shrinkine and it can then 
be lifted off, wrapped in burlap, and 
viven to the hardener who slips it over 
hand and arm or spreads it on a keneh, 
examines it for flaws, ‘stops’? the weak 
places with fur and picks out dags. The 
hardener then puts about a dozen cones 
together, sprinkles them, kneads them 
with his hands for the first hardening 
and sends them to the sizine room 
where the 380 to 35-inch cone is gradu- 
ally shrunk down (‘‘sized’’) to about 
one-third and changed from loose deli- 
cate felt to a hard, even structure. 
The work of the coner is very hot 
and heavy, and practically incessant. 
The air, even in the best ventilated 
rooms, is full of steam and the floor 
streaming with water. Analyses of the 
air from the formers have shown the 
presence of mereury, volatilized by the 
steam, and to this air are exposed not 
only the coners but also hardeners and 
virls employed in weighing patches. 
These girls are almost always stationed 
where heat and humidity are worst, 
right under the ceiling. | was impressed 
hy the arrangement in Borsalino’s fae- 
tory, where the girls weighing batches 
work in the room above the former, 
dropping the batches through a small 
opening, Whence compressed air delty- 
ers them to the machine below. An 
eleectrie light signals for each bateh. 
In one Brooklyn plant, the discom 
fort in the formine room is increased 
by driving jets of live steam into the 
POO. The suetion inside a tormer is 
very great and unless the room is 
amply large air must be drawn in from 


*Coners are sometimes divided into coners and 
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another room and, as a usual thine. 
is drawn from the sizing room, lad 
with steam and heat. The humidity m 
reach saturation, yet it is quite unn 
essary. The escape of fluff from | 
former is always visible and in o 
badly neglected factory in Danbury + 
windows of this room are covered ww) 
felt. 

Morming is less strenuous and 
less disagreeable in Europe. Thi 
reason is that the hot water, needed jo 
vive the cone of delicate felt its firs: 
shrinking, is applied within the former 
by means of a long jet of water which 
plays evenly over the surface of the 
revolving come just before it is taken 
out. Then all the workman has to do 
is to open the former, gently lift off 
the cone of felt, fold it together for the 
inspector, and wait for the next one to 
form. There is no steaming tank, the 
floor is dry, there are no heavy brass 
cones to lift repeatedly, and the work 
is light and leisurely compared to the 
same work over here. This method was 
used in all the foreign plants I visited 
and was common in this country some 
twenty years ago. Another good fea 
ture was the vast size of these rooms 
in the European plants, providing air 
enough tor the suction in the former 

Sizing Room.—After being inspected, 
the cone goes to the sizing room and 
there is put through a series of proc 
esses known as hand starting, wettl! 
down, pulling out, sizing, bloeki 
wringing or whizzing, ete., all of whi 
are essentially the same, consisting 
the appleation of boiling water a 
pressure to shrink the felt down to 1 
proper size and then to shape it. +> 
Ing, whether by machine or by hand. 
very laborious work and is carried 
in an atmosphere of humidity and h 
The hand sizers (sizers may also 


called ‘‘makers’’) usually work 
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ups of eight at an octagonal ‘*‘bat- 
oy ?’—that is, a tank of boiling water 
‘+h a wooden bench running round it. 
he sizer first sprinkles several hats 


t] 


th boiling water usually acidulated 

‘h a small amount of sulphuric acid, 

eads them gently with his hands, then 

they harden he works them more 
‘vorously and plunges them into the 
ater, cooling his hands in a pail of 

Jd water. Finally, he takes one hat 

a time and beats it with a wooden 
rolling pin. He usually protects his 
hand partially by a leather or wooden 
shield over the palm. This is the work 
that the English call *‘planking.’* 

Sizing machines are like large clothes 
wringers with wodoen rolls obliquely 
juted, and the sizer alternately dips a 
bundle of cones in the tank of boiling 
water below the rolls and places them 
between the rolls. The sizing room is 
full of these boiling kettles and it is 
rare to find one which is not foggy with 
steam, water dripping from the ceiling 
and running in streams on the floor. 
Curiously enough, the water from the 
kettles which must be ‘‘pulled’’ twice a 
day is not emptied through separate 
drains but is flooded out over the floor 
'o find its way through the gutters to 
the main drain. 

(ireat efforts have been made in cer- 
tain factories to control the steam in 
ile sizing room by exhaust ventilation 

d by control of the temperature, for 

‘he moisture-laden air comes in con- 

with cold air from open windows 
‘condenses and a thick fog forms. 
inst a cold ceiling the foe turns to 
cr and rains down on the heads of 
nen. The problem is excessively 
it in our variable American cli- 
and success has been obtained 
in those factories in which ade 


exhausts are installed at the 


] . : 
vhere the steam 1s venerated, ror 





once it has been permitted to escape 
into the air nothing effective can be 
done to get rid of it. There is general 
testimony from the workmen as to a 
decided improvement in sizing rooms 
during recent years, but conditions in 
most of the plants outside New Jersey 
still seem productive of discomfort and 
fatigue, if not of mercurial poisoning. 
For instance, my notes on a Danbury 
sizing room read as follows: 


As I went into the sizing room I walked 
into a dense fog. The windows were open, 
the day was chilly, about 58° F., and as all 
the boiling tanks are unprotected by hoods, 
the steam was rising, and when it met the 
eold from the windows it formed a fog. 
There are exhausts placed at intervals, sup- 
posed to carry off the steam, but I could not 
see that they did the slightest good. Streams 
of water were running over the floor, and, 
although the sizers stand on wooden plat- 
forms, they have to step down every now 
and then into the stream. They were sop- 
ping wet, the shirts clinging to their bodies, 
and water dripped on us from the ceiling. 
About 100 work here an eight-hour day. It 
is piece work and the pace is very rapid. 


In one Brooklyn factory the sizing 
kettles are either quite unprotected or 
provided only with a suction pipe, the 
opening of which is too narrow to 
‘atch much of the steam. In Stetson’s 
factory where a great deal of hand siz- 
ing is done, the kettles are very well 
protected by a circular hood with an 
exhaust pipe and with a curtain com 
posed of flaps of heavy canvas which 
hane from the edge of the hood to the 
edge of the kettle, the sizer pushing the 
hat under the fiap. This admirable 
arrangement prevents the escape otf 
steam. Hueckel’s factory has the same 
arrangement. [or sizing machines the 
devices in the Berge and No-Name tae 
tories in Orange are very efficrent. A 


metal hood with an exhaust pipe fits 
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over the sizine machine, enclosing all 
of the kettle except for an opening in 
front just large enough to work 
through. Very much the same kind of 
hood is used in Borsalino’s faetory, and 
here an exeellent feature is the rough 
eement floor sloping well to the drains 
and the efficient control of the temper- 
ature by big registers in the flooi 
through which delightfully cool air is 
sent in summer and warm air in winter. 

Slhiffening. —Vhe majority of hats 
made in American factories are soft 
felt but require some stiffening. This 
process is of no importance from our 
port of view for the stiffening COl)- 
pound is simply shellae dissolved in hot 
water, borax, and common salt, rubbed 
in With a brush, and then steamed to 
melt the shellae and drive it in. For 
stiff hats (this word is applied only to 
derbies) the procedure is different. The 
hats are first shaved by a machine like 
a small lawn mower which clips off the 
ends of those hairs that have escaped 
the blowing process and become imeor- 
porated in the felt. The fine harsh dust 
of shearing is generally considered de 
eidedily harmful. The stiffening de 
partment is usually quite separate be- 
cause of fire risk from the vapers of 
alcohol used to dissolve the shellae. 
Denatured alcohol is used with varying 
quantities of wood alcohol according to 
the formula selected, for the revenue 
law allows from 4+ per cent. to 20 per 
cent. of wood alcohol im the mixture. 
Up to 1906, strareht methy] aleohol was 
alwavs used for stiffening and it was 
largely through the efforts of the Dan 
bury hatters, backed by the physicians 
in Danbury, that the law was passed 


by Congress providing for revenue-free 


denatured erain aleohol. This has 
brought about a vast improvement in 


the stiffenine of felt hats. but it must 
not be forgotten that denatured aleohol 


is not free from danger. The addit 
of as little as 2 per cent. of met 
alcohol has been known to lead to eh} 
acteristic poisoning (Loewy and 
der Heide, 5) and the formula commo 
used for stiff hats contains as mueh 
10 per cent. It is well known amo 
stiffeners that some men cannot st; 
the fumes even of the denatured al, 
hol, although others are not affected 
all. Drying these hats may be a sou 
of danger for mercury has been found 
in the course of reeovering the aleolho!, 
Dyeing— Dyvemege may be done 
several different stages. For mixed 
colors the blown fur must be dyed 
before the cone is formed, but. this 
makes sizing more difficult and is _ not 
used for solidly colored hats. A methiod 
which is very objectionable to the men 
has recently been revived in Danbury 
after many vears’ disuse. This is known 
as ‘mucking’? and consists in the addi 
tion of the coloring matter to the water 
in the sizing kettle so that the sizers 
must work continuously in hot dve. The 
men say it makes the ends of the fingers 
sore, that hane-nails inflame and fester, 
and that scratches become very paintul. 
They also believe that the steam from 
the sizine kettles earries with it wm 
pleasant, if not harmful, fumes. ‘Thie 
vegetable dyes which were formerly 
used have now been displaced con 
pletely by coal-tar dyes belonging 
chiefly to the azo acid group (Naplhito! 
Blue Black and Naphtol Black B). | 
is highly improbable that harn 
fumes could come from these dyes 
there is one dvestuff, known to 
trade as ursol, which is distinetly t 
and is used in some hat factories. | 
is para-phenylenediamine, a compo 
which has the toxie properties ot 
amido group of coal-tar derivatives | 


Call he absorbed hoth through the 
and the respiratory tract, the abs 















> ake 


beimege hastened by heat and mois 
[n color manutacture and in dye- 
fur this compound is notoriously 
shblesome, causing a distressing trade 
ytion and, in susceptible individuals, 
oks of bronchial asthma (6). Derma- 
- has also occurred in persons wear- 
fur which had been colored with 
4-phenylenediamine (7). 
(he ordinary way ot dyeing is to 
or the shaped and stiffened hat, and 
chrome mordant is often required, 


tassium bichromate being generally 


d. This is admittedly a source of 
dveing 


me trouble in- the room. 


Chrome uleers, slowly forming and 


minless, May develop on the ends of 

fingers around the nails, on the 
asal mueosa, and sometimes on the 
Hargis of the lips. There may also 
i severe conjunctivitis. Both mor- 
dant and dye may be applied iit open 
stirred by hand with long 


ettles, 
vooden rods, or in closed kettles, Ao’. 
lated by a stream of air, or in closed 
revolving evlinders which dip down in- 


Aececord- 


to the method used, conditions Vary 


the dve at each revolution. 


the dveinge room and all extremes 


be tound in American factories 
rom a Danbury plant in which only 
anid work is done Over open tubs in 
team and drip, to the model depart- 
t at Stetson’s, dry and airy, with 
closed evlinders for hats, its closed 
ies tor fur, and ho escape ot steam 
vhere. Seeond. sizing’ by maehine 
follow dveing. 


Muvciug—Pouneine is. the 


name 
to the smoothing’ process in fin- 

both soft and. stiff hats which 
ie With the finest of emery paper 
ind or by machine. The pouneing 
it hats is much more extensive and 
itive of much more dust than the 
ing of stiff hats. 


Ing and the 


It comes before 


ealled 


men are 
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‘pouncers,’’ while pouncing: stiff hats 
is a part of finishing and these men are 
known as ‘‘finishers.’’ The soit hat 
finisher may do a little pouncing, but 
not much. An exhaust is always fur 
nished to carry off the dust and, in the 
case of the pouncing machines, it is 
usually quite efferent. These machines 
are used on brims, the narrow brim be 
ine held between two sandpaper-cov- 
ered surfaces. The man’s hands are 
outside, consequently only a narrow 
opening is necessary, and the construe- 
tion of shield and exhaust presents no 
diffeult problem. But 


ing’ 1s 


ecrowh poune- 


almost 


always done by hand, 


and obviously it is much harder to 
prevent the escape of dust over 
this larger surface whieh cannot 


he so completely enclosed. The best 
device I have seen was in a New Jer 
sey factory arid may be seen in the Mu- 
seum of Safety of the State Department 
of Labor in Jersey City. After poune 
Ing, comes “rubbing off’? of tips and 
with which is the 


brims sandpaper, 


same as pouncing, except that the 
block on which the hat rests moves back 
and forth instead of round and round. 

To the uninitiated the 


dust produced by 


amount ot 
pouncing seems in 
significant, and vet enough of it is col 
lected by the exhaust pipes to ship to 
fertilizing plants. All pounecing, as | 
have seen it done, is more or less sate 
enarded, but there is a wide variation 
in the efficiency of the different mechan 
Isms provided. The 


Process IS per 


formed twice, preliminary pouncing 
and final pouncing or, as it Is some 
times ealled, "Crown jigeine.’ Prelim 
hary pouncing may be done in the back 
shop by the hat makers; final pouncing 
always belongs to the front shop, and 
If the 


apparatus is poorly designed or the 


is done by hat finishers. suction 


dratt feeble. fine dark dust can be seen 
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on the face of the pouncer, especially 
in the folds alone the sides of the nose 
and on the chin. It is always men’s 
work in the United States, in England, 
and in Czecho-Slovakia, but is done by 
women in Italy, where only machines 
are used, no hand pouncing. Hickel’s 
factory also uses machines altogether. 

In two factories, one in Danbury and 
one in Brooklyn, the draft to carry off 
the dust worked badly, the fine dust lay 
thickly over pipes, shields of exhausts, 
floor, and over the persons of the men, 
and it was significant that these men 
all chewed tobaeco to help rid their 
mouths of the dust. In some shops, 
there is a great deal of brushing of the 
pounced hats, which increases the dust, 
and whirling belts keep the dust stir- 
ring. Two exceptionally  dust-free 
pouncing rooms may be seen in the 
Mallory factory in) Danbury and in 


sere’s in Orange. 


Hat Finishing or ‘* Front Shop’’ 
Finishing. Finishing consists in 
steaming and blocking to give the 
erown the final shape, drving, pressing 
by hand, or in an hydraulic press, 
singeing, oiling, and pouncing. Hot 
oil and vaseline are used to even up the 
color, aleohol or naphtha singeing to 
finish the surface. The highest tem- 
perature to which hats are subjected is 
In pressing, and it is probably in this 
department that mereury is volatilized 
to a greater extent than in any after 
sizing. Moreover, the finisher must 
bend down close to the hat while press- 
Ing, putting himself in just the posi 
tion to inhale these fumes. Several 


authorities hold that the exposure to 


mereurialism is ereater in_ finishing 
than 1?) cLTLN other occupation ot the 


trade. This work brines in other bad 


q 


features, such as carbon monoxide trom 


naked gas jets, naphtha fumes, 
silicon dust. The heat for the iro, 
usually provided by gas and the er 
is heated over gas. Electric irons 
used in some New Jersey factories and 
at Knox’s in Brooklyn, but gas-heajed 
irons are much more common. Shap 


~ 


ing also is done on gas-heated machines 
and all these processes may be carried 
on in one room, together with the 
pounecing. Unless these rooms are very 
large, the heat may be excessive— up to 


or even over 100° F.—and in one New 


York plant, Graham-Rogers and Voge 
found four parts of carbon monoxide 
to 10,000 parts of air. The men em- 
ploved here, classed together as finish 
ers, say that these jobs, although highly 
desirable because of the good pay, 
are the most unhealthful of all. 
Beaver Hats.—The making of beaver 
hats is not attended with risk of mer. 
curialism. Beaver hats are made from 
non-earrotted fur on a wool felt body. 
The raw fur (hares’ fur, for it felts 
poorly), which is to give the smooth, 
shining finish to the hat, is first formed 
in a machine very like an ordinary for 
mer but with a disk instead of a cone. 
This flat form is then ‘‘batted’’ on to 
the wool body, the man working at a 
plank like a sizer’s and batting with a 
stiff brush dipped in boiling water 
which contains sulphuric acid. Wrapped 
in burlap, the body then goes through 
apron rolls through which live steam 
is driven into boiling acidulated water, 
the acid being stronger here. Jets ol 
hot water raise the nap and a culT} 
comb finishes it. The aeid in the water 
eals away the wood of the tanks ( 
thev leak, the floors run with 
and the steam is excessive, bui 
is no mereury used and no pow 
needed. The sulphuric acid is hi 


the men’s hands, and they protec! 
hv smearing on tallow, but this 
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‘nor evil compared to those found — chines. 


ordinary felt hat manutacture. 


All the final processes of 


stitching, lining, banding, and putting 


For convenience, a list of occupations in leathers are carried on by the wom- 


at finishine with the hazards in each cern 


ceupation is given in Table 1. 


fur eutting and in hat making and en, but these departments do not con 
us. Boys are not often employed, 
although I have seen some apparently 


rABLE 1—SUMMARY OF PROCESSES IN FUR CUTTING, HAT MAKING, AND 
HAT FINISHING, WITH IMPORTANT HAZARDS OF EACH PROCESS 


PROCESS HAZARD 
Fur Cutting 

mpening raw skins. Coarse hairs and dirt. 

ening up raw skins. Coarse hairs and dirt. 

‘aning raw skins. Coarse hairs and dirt. 
eamine and stretching. (‘oarse hairs and dirt. 

ecking hairs or fur pulling. Coarse hairs and dirt. 

aring. (‘oarse hairs and dirt. 

irrotting. Fumes of nitric acid and of mercury. 
rving. Mereury volatilized by heat. Direct contact 


with 
Volatilized mereury, direct contact. 


ine earrotted skins. 


mereuriec nitrate. 


rushing, eutting and sorting, weighing, and  Volatilized mercury, direct contact; fur dust. 


~ 7 
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packing in bags. 


ring and removing from storage. 


owing. Dust ; 


Hat Making 


Volatilized mereury. 
sometimes mercury. 


noving bags from storage. Volatilized mereury. 
ching and mixing, blowing, weighing for Volatilized mereury; fur dust; heat and 
iormer, coning, and hardening. moisture. 
rting, sizing, pulling out, blocking, whiz- Volatilized mercury; heat and moisture. 
minary pouneing. Silicon dust and fine hairs; mercury. 
ne. Heat and humidity; chrome mordants; coal- 


tar dives, 


ning soft hats. eat and humidity, shght. 
ng. Hair dust. 
tiff hats. Small quantity of methyl! alcohol. 
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cutting, inspecting, and  pouneing, 
sometimes earrottinge. As for young 
persons, the Belgian law of 1893 for- 
bids the employment of anyone under 
18 vears in processes where nitrate of 
mereury is used, or in plucking or cut- 
ting if there is much dust. The French 
law of 1898 forbids the employment of 
any under 16 years in the fur cutting 
trade, and in 1899 the British prohibit- 
ed the employment of children, who up 
to that time had apparently done what 
the British eall locking, and we eall 
sorting’ i.e., removing the interio! 
parts from the cut earrotted tur. 


IxNpUSTRIAL INSURANCE FOR HATTERS AND 
Kur Currers 


The three largest companies writing 
industrial insuranee in the United 
States consider certain occupations in 
these trades of fur eutting and telt hat 
manufacture as distinctly above the av- 
erage in danger to health, others as less 
dangerous, but unhealthful. Their se- 
lection of the undesirable ones, how- 
ever, is not by any means the same. 
Thus, the John Haneoeck Mutual Life 
Insurance Company lists the whole in- 
dustry, fur cutting and hat making, as 
doubtful, and the work of earrotting 
and of pouncing as extra hazardous. 
Mur eutters, hand earders, hand mix- 
ers, blowers, coners, wetters, hand 
starters, sizers, dryers, dvers, aleohol 
stiffeners, and foremen in these de- 
partments, are insured at rates above 
the ordinary. 

The Metropolitan Life Insurance 
Company divides the emplovees into 
four classes, aceordine to risk. In the 
ordinary class—that which has an ex- 
pected mortality not over 20 per cent. 
in excess of the American Experience 
Table—are placed only the trimmers, 
welters and binders. Next, with an 


expected excess rate otf 20 to 00 per 
cent., come all who are not listed in the 
other three classes. Special class jobs, 
with an expected excess rate of 50 to 
100 per cent., include hand ecarders, 
blowers, hand mixers, hand _ starters, 
sizers and dyers. Special Class B in- 
cludes those with an excess rate of 100 
to 150 per cent.—tur cutters, carrotters, 
dryers, pouncers, and alcohol stiffeners. 

The Prudential Life Insurance Com- 
pany refuses to insure fur cutters, siz- 
ers, and makers. It accepts at increased 
rates: mixers, blowers, weighers, feed 
ers, coners, wetters, hardeners, block 
ers, dryers, pouncers, singers, and 
trimmers; at ordinary rates: inspec 
tors, finishers, shavers, curlers, flang- 
ers, stiffeners, and packers. 


SUMMARY 


The trades of the hatters’ furriers or 
fur cutters, of the hat makers and fin- 
ishers have for centuries been looked 
upon as traught with a high degree ot 
danger to the workers. This impression 
prevails at the present day, especially 
in France, Belgium, and Russia. 

The features of these trades which 
are regarded as dangerous are the use 
of mereurie nitrate to prepare the fur 
for felting, the handling of this fur in 
an atmosphere of heat and humidity 
which volatilizes the mereury and fa 
vors its absorption, the production of 
ereat quantities of fur dust and lesser 
quantities of silicon dust, together with 
minor evils, such as earbon monoxide 
from gas jets. 

Fur cutting involves exposure to nl 
tric acid fumes and volatilized mereury, 
and to excessive amounts of fur dust. 
Hat making is hot and wet, and the ex 
posure to volatilized mereury is prob 
ably greater than in fur cutting. Hat 


finishing is dry, but the heat applie 
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» pressing volatilizes the mercury, and  liant exceptions to this statement. Hat 
here are other bad features, such as factories have improved greatly of late, 
jlicon dust from emery paper, carbon especially in New Jersey, but there are 
monoxide from gas-heated irons and still many plants in which ventilation 
machines, and traces of methyl aleohol is poor, heat and humidity excessive, 
in the stiffening mixture. and the workers exposed to mercurial 
The hygienic control of fur eutting poisoning and to the inhalation of dan- 
shops in the United States is very im- gerous dust. 
nerfeet, although there are a few bril- 
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TIME AND MOTION STUDY* 


kK. Farmer, M.A. 


Investigator to Industrial Fatigue Research Board 


Parr Ll: Review or Past Work 


NTRODUCTION.—Time and motion 
pe has become a phrase of com- 
mon occurrence in industrial circles; 
yet little agreement exists as to its 
precise significance and little under- 
standing as to how, and to what extent, 
such a study ean be of use to industry. 
Some consider that a little attention to 
the time taken to perform an operation, 
and the method of doing it, should be 
sufficient to ‘fat least treble output.”’ 
Others form a much lower estimate 
of the probable value of these methods 
and consider it presumptuous tor an 
outsider to come into a factory to teach 
others how to do their work. The truth 
as to the function of the study probably 
lies somewhere between these two ex- 
tremes, but it is more likely to approxi- 
mate toward the latter than the former. 
To talk of trebling output may be useful 
for commercial purposes, as being like- 
ly to attract the attention of those 
anxious to improve industrial methods, 
but if taken literally it 1s most mis- 
leading. Anyone who has earefully 
studied the subjeet in any industry 
must be impressed not so mueh with 


| . . 
the ease ot effecting Improvements as 


form each particular operation in an 
industrial task, and, from the data thus 
obtained, the endeavor to fix the proper 
time the task as a whole should take. 
Motion study is the study of the mov 
ments involved in a task with a view 
to eliminating such as are unnecessary 
and improving those that are necessary. 
It may be divided into extensive motion 
study, which is coneerned with the ar 
rangement of apparatus and the larger 
movements of the body involved in its 
use, and wtensive motion study, which 
is concerned with the smaller move 
ments of the hands and fingers. Time 
study and motion study are usually com- 
bined into one, called time and motion 
study. 

In order to understand what may be 
expected from time and motion study, 
its origin and present development must 
be considered, and the exact aims that 
those engaged in it set before them 
selves; and also how far these aims are 
legitimate, and how far they can be 
{tained by the present methods. 

Taylor’s System—The object which 
Taylor set before himself was th 
standardization of labor, and, in ord 
to arrive at the proper standard, 
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<arted on his new ‘‘task,’’ which ‘‘re- 

sired him to do between three and one- 
olf and four times as much work in 
, day as had been done in the past 
ny an average’’ (1). 

The earnings of the men on the new 
vstem were, on an average, 60 per 
ont. ereater than on the old system. 
Nhe result was attained not so much by 
‘uy improvement in the movements in- 
olved in doing the work as by fixing 

certain standard time which had to 
be adhered to if the men were to earn 
the sum which they were obliged to 
earn in order to keep their places. Sei- 
entifically regulated rest pauses were 
also introduced, and these undoubtedly 
plaved an important part in the final 
result. Taylor advocated making the 
‘task’? as difficult as possible, so that 
niv the best men could perform it. 
By this method he gradually eliminated 
all so-called second-class men. 

Such a system may be commercially 
advantageous but it hardly goes to the 
root of the fundamental problems con- 
human element in in- 


nected with the 


ndustry. Much of Taylor’s work is de- 
oted to what he ealls scientifie man- 
igvement and a consideration of the best 
ethod of remuneration (2). The scope 
the present memorandum does not 
extend to these aspects of Taylor’s 
system; nevertheless, they form an es- 
sential part of his system, which rests 
‘areful oversight and lib- 
payment than upon scientific prin- 
ples connected with the human organ- 


Ore upon 


(onsiderable controversy has cen- 


(round Taylor’s work. Some seem 
‘egard all he did as almost beyond 
cism. They point to his undoubted 
ses as sufficient indication of the 
tial soundness of his method, and 


"sf ‘ 
A all 


by motives less worthy than those 


who eritieize him as actu 
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hand, there 
that he did 
either with derision or direct hostility. 


On the other 
are those who regard all 


of Taylor. 


They fasten their eyes on certain weak 
points in his system and retuse to con- 
sider those aspeets which are of more 
lastine’ value. 

To tollow either of these extreme 
When we think of 


Taylor’s dealings with labor, either or 


eourses 1S unwise. 


eanized or unorganized, we must never 
eease to remember that he is dealing 
with labor conditions as they presented 
with the 


themselves in Amertiea. not 


conditions with which we are familiar 
In Kneland. Certain points of his sys- 
tem may appear somewhat erude, but 
he was a pioneer in an unknown field 
of research, and we ought not to expeet 
that his system could reach the stand- 
ard ot perfection, which those who COmMe 
after him and who have the benefit of 
his experience may set themselves as 
the goal to be attained. Taylor’s great 
and lasting’ contribution to the science 
of industry is the method which he 
adopted. He approached, in the spirit 


of scientific inquiry, problems which 
had been thought either not to exist or 
to be easily solved by common sense. 
Ile worked patiently for vears to satis- 
tv first himself, and then others, that 
by eareful observation and accurate 
timing principles could be arrived at 
which governed the right employment 


Ol a worker S Time anid Cherey. 


Those 
who come after him and work upon the 


same problems, may criticize aspects of 


his system, and may disagree with cer- 
tain of the ends which it has been made 
to serve, but nevertheless they owe him 


a evreat debt for indicatine and de 


oping ra | method, the possibilities of 


OTPAT. 


which Ale 


(hiilbreth’. SUSTOM, (rilbreth Se] him 


self the same task as ‘Taylor, hamely, 
] 
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the standardizing of the human element 
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in industry; he, however, goes further 
than Tavlor, for not only does he stand- 
ardize the time for doing a task but he 
also standardizes the method. Taylor 
is mainly concerned with time study 
and rest pauses; Gilbreth is concerned 
with motion study as well (3). 
Gilbreth’s method is first to analyze 
an operation into its smallest constitu- 
ent parts. These are then timed. With 
Taylor this would have been sufficient, 
for he would have taken the sum of 
these timings, plus the time allowed for 
unavoidable delays, and ealled that the 
standard time. Gilbreth, however, is 
not satisfied with this, but compares 
the different constituents of a given 
operation with the same constituents in 
a similar operation performed by other 
operatives. If the timings for different 
units of the operation vary in differ- 
ent workers, he seleets the shortest tim- 
ings from each operative, sees’ how the 
actual movements differ from those of 
other operatives who take longer to 
perform that unit of the task, and then 
sets a standard time composed of the 
sum of the shortest constituent factors 
in each operation, and a standard meth- 
od of doing the work composed of the 
movements ot those whose time is 
shortest. Thus, with two workers, 
whom we may eall X and Y, he may 
find the timings of X for an operation 
consisting of four timeable units to be 
A, B, C, D, and the corresponding times 
of ¥ to be a, b, e, d.. From these times 
he will select the shortest; let us sup- 
pose these to be A, b, C, d. He will 
examine the motions connected with 
each of these selected time units; A 
and © will be found amone X’s move- 
ments, band d among Y’s. These four 
movements comme trom two different 
workers will then be combined into one 
series of movements which will be 
adopted as the standard method of do- 


ing the task, the standard time having 
already been arrived at by selecting the 
shortest time units from the two work. 
ers. This yields two parallel series 
which may be represented thus: 


Shortest Time Motion 
A.... Motion as performed by X 
b te ce ‘¢ ¢¢ Y 
(" —— ‘6 ce 66 cé _ 
d.. ae ee ‘sé i 4 eé Y 


This method of procedure is interest 
ing, and is a distinct advance on Tay- 
lor’s method, which did not concern 
itself with the actual movements em 
ployed, provided that the task was per 
formed in the standard time, the proper 
rest pauses were adhered to, and the 
final result was satisfactory to the over- 
seer. Gilbreth sees that the method of 
doing work plays equally as important 
a part in the performance of any work 
as the time taken to do it. Gilbreth’s 
methods would, however, have been 
more instructive if he had not intro- 
duced the disturbing factor that Taylor 
always introduced, namely, increased 
pay and various other methods of ‘‘en 
ecouraging the workers to put forth 
ereater effort.’ 

Further, it seems highly doubtful 
whether various movements, taken from 
different groups of movements, merely 
on account of their taking a_ shorter 
time to perform than similar move- 
ments in other groups, can be combined 
into an independent group which would 
vield results as satisfactory as either 
of the original groups. The method o! 
performing a given task is similar t 
the so-called ‘‘style’’ of a ericketer 01 
golfer, who certainly would not buil 
lis style on a composite mixture ot! 
other people’s styles. It is far mor 


satisfactory to study one style and bi 
come perfect in that, than to. stud 


many styles which may yield only th 






















~esult of being imperfect in all. We 
cannot, however, pass final judgment 
on the method because it has never been 
‘vied by itself unaccompanied by special 
‘ynducements to increased effort; but the 
results which Gilbreth has obtained do 
not prove that there is a best method 
of doing any operation. There are, un- 
doubtedly, good methods and bad meth- 
ods: the good may be encouraged and 
the bad discouraged, but the actual 
method finally adopted by the worker 
must be the one which he finds most 
convenient, that is, the one best suited 
to his physical and psychological make- 
up. 

Criticism of Taylor’s and Gilbreth’s 
Vethods—Both Taylor and Gilbreth 
set before themselves the definite task 
of standardizing the human element in 
industry. They wanted to make indus- 
try more efficient by reducing the cost 
! production. Some people, when they 
attempt to reduce the cost of produe- 
tion, think primarily of lowering the 
Wages paid to labor, but Gilbreth and 
Taylor made no such mistake. They 
both realized that to reduce the cost of 
production by such a method is, in or- 
dinary circumstances, short-sighted and 
‘ails in its real object. 

They approached the subject from a 
more scientific standpoint, and attempt- 
ed not to reduce the wages of labor but 
io Increase them, provided that such an 
uicrease is accompanied by an increase 

output. They did not leave it at this, 

t, by their methods of time and 

tion study, they sought to ascertain 

and in what degree real improve- 

it was possible. 
The method adopted by them was one 
paid considerable attention to the 
are of the worker. Taylor was 
clul to see that sufficient rest was 
oduced into the day’s work, and Gil- 





ih has gone further and paid atten- 
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tion to such thing's as comfortable seat- 
ine and bench accommodation. Never- 
theless, in spite of these considerations 
their systems have met with a great deal 
of opposition on the part of labor, a fact 
that gave Taylor great concern. Hoxie 
(4) in his report on ‘‘Scientifie Man- 
agement and Labor’’ and also the 
committee appointed by the House of 
Representatives in its report show 
clearly that in factories working under 
the Taylor system there is evidence that 
the workers think they are required to 
work at a speed which, in the long run, 
is detrimental to their health. Still, 
the evidence taken from workers by the 
committee appoimted by the House of 
Representatives is to the effect that no 
real objection is felt to those parts of 
the Taylor system which deal with 
systemization and standardization, but 
that strong objection is felt to the meth- 
ods of stimulation. 

This objection to methods of stimu- 
lation seems to go to the root of the 
whole matter, both from the workers’ 
point of view and also from the point 
of view of those whose approach to the 
question is one purely of scientific in 
terest. The latter realize that there is 
a physiological and psychological back- 
eround to the whole of human effort, 
and they want to discover whether the 
methods adopted in time and motion 
study really go to the root of the mat- 
ter and indicate more economical ways 
of utilizine human effort. Great im 
provements in efficiency have been ef 
fected hy the introduction of new Ways 
of performing certain industrial opera 
tions, but whenever these improvements 
have taken place, there have been two 
changes, one in method, and one in the 
system of remuneration, and we are at 
least entitled to inquire which is the 


predominating factor. 


Workers can certainly be spurred to 
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greater effort by methods of remunera- 
tion calculated to penalize the slow 
workers and reward the quick worker, 
but such results are of more interest 
to those who are studvine methods of 
remuneration than to those whose only 
concern is the fatigue of the worker. 
Taylor was not studvine either; he was 
primarily concerned with the problem 
of output, and set himself the task of 
Increasing the production of the vari- 
ous firms in which he worked. He is quite 
frank on the matter. He says (1, p. 143): 
‘SAIL employees should bear in mind 
that each shop eXISts, first, last and all 
the time, for the purpose of paying 
dividends to its owners.’’ This is not 
the place to offer any eriticism of sueh 
a statement, but anyone holding that 
view and, at the same time, devoting 
himself to the problem of production. 
will clearly use different methods from 
those emploved by persons concerned 
primarily with the fatigue of the 
worker, 

The above eritteism must not be 
taken to imply an objection to any par- 
ticular system of pavment, or to change 
in the method of payment; but sueh 
S\ stems or changes should be unaeecom. 
panied by any change of method if they 
are to provide data bearing on the prob 
lem of increased effort. Similarly, any 
ehange of method which is to vield re. 
linble data bearing on the same prob- 
lem must be unaeecompanied by any 
change in the system of payment. 

soth Gilbreth and Tavlor make their 


systems depend primarily upon speed. 


Tavlor alwavs timed the quickest work 


Gr, and the standard which he Se] for 
adv task Was based (1) the results thus 
obtained. THe eertainly added a per 
eentage of time to cover unavoidable 
delavs. and also instituted regular rest 


Daluses, hit what he alwavs souneht Was 


" } ‘7 
] | j ‘ ( *"g5g0 i } 
eed, Ith NO IeSS a deere qgaoes Gil 


breth make speed his ideal. He reea; 
the quickest movement as the best, a 
even goes so far as to sav that in tea 
Ing a new movement speed must be 
sisted on from the very first. He 
gards speed as more important t] 
accuracy of movement or quality 
work. [lis reason for adopting t! 
point of view is that the path a moy 
ment follows is. different when t!] 
movement is done quickly from wh 
it is done slowly. This is, in the main. 
true, but even so, whether speed should 
be insisted on from the beginning’ ma 
be regarded as doubtful. 

further, we may doubt whether 
speed is the best eriterion for jude 
a movement. Krom Guilbreth’s pol 
of view the quickest movement is 
best, and so long as speed is the objec 
to be attained this must necessarily 
so. Nevertheless, the quickest moy 
ment may not be the easiest and 
best for the worker to aceustom him 
self to. It may make too great a strau 
on the nervous svstem to be advanta 
eeously employed by all workers. As 
has already been pointed out, thes 
quick movements are. selected fro 
various workers; possibly they may 
some Way he closely connected with 
physical and mental make-up of 
worker in question, and their transpla 
fation as isolated motions into 
movement system of other workers n 
he unwise. 

Standardizati The standard 
ion of the human element in indust 
is the object which both Tavlor a 
Gilbreth put before them. The forn 
sought mainly to standardize the tn 
to be taken in performing’ a task; 
latter went further and standard! 
the method also. Standardization 
all human effort would, without dou 
be a great convenience for employ 


especially if that standard was a ¢ 




















vablv higher one than they were 
nt to expect, but in setting this stand- 
the ereatest caution must be exer- 
q 
in the first place, we must consider 
ether, from the workers’ pot ot 
w. the fixing of a standard that they 
required to reach is advisable. It 
hecome a constant source of irrita- 
to them to feel that they must reach 
ertain standard every hour, or every 
as the ease may be. On certain 
vs when they are suffermg from 
rh indisposition not sufficient to keep 
. away trom work, they may wisely 
less work than they might be able 
do if they exerted all their effort. 
other days when they are feeling 
tremely energetic, they may be able 
surpass the standard, and if left to 
cir own devices they might do so. 
e thought that they were only ex- 
ted to keep up to the standard might 
ar them from putting forth all their 
erey, lest the standard should again 


raised and made more difheult to 

tain on days when they were not feel- 

particularly energetic. 

Beside these personal factors that 
affect the workers’ ability to 
the standard. there ale those in 

ces whieh all workers are affected 
ough im varying degrees. Among 
we must count temperature and 

er conditions, and the physical 

rs that periodically affect women. 
revard to the standardizing’ of 


Ss, 1T 18 doubtty] if a set otf move 


] . 
wowever edad, can necessarily 


] } 


araed as the hest for every per 
cerned, Personal differences 
allowed tor and the possibility 
ed of the worker’s discovering’ a 
better suited to his require 
han the preseribed one. In the 
cases the standard method 


rove tne hest. but in no case 
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should it be foreed upon a worker. 
Kivery worker should be taught the 
standard method and then allowed to 
follow his own devices, provided the 
results are satisfactory. 

New Point of View a Unde rlaking 
Time and Motion Study—lW time and 
motion study is to be svstematically 
adopted in industry, then those who 
are engaged in it must endeavor to 
avoid certain errors that have been 
made in some of the applications to 
which it has been put. The object for 
which the work is undertaken must be 
different, and the type of men employed 
In the study must likewise be different. 

The hterature dealine’ with time and 
motion study shows that it has been 
left far too mueh to those whose main 
object is the increase of output in some 
particular industrial concern.  Henee 
the tendeney at times has been to over 
look the fundamental principles lying 
at the base of the study, and to coneen 
trate attention on the immediate re 
sults to be obtained in the particular 
factory in which the person carrying on 
the study is interested. If, however, 
real advance is to be made alone the 
lines which Taylor and Gilbreth have 
indicated, the matter must be treated 
from a broader viewpoint. Improve 
ments in particular factories are not 
sufficient, however useful they May be, 
but an endeavor must be made to dis 
COVer the eeneral principles threat YOVETT 
human effort im industry. So lone as 
the matter is left entirely in the hands 
Ot tho Cf WhOSC main Ob ye et | Increased 
production there will be a tendeney for 
the worker LO Feel. rightly or VV rongly, 
that he is in some way being exploited. 
If. (1) the other hand, he realizes that 


| 


the study is being carried on by those 
whose only imterest 1< lessened fatigue, 


he will learn to regard the matter in 


an entirely different lioht. 
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Certain preliminary investigations 
have to be made before motion study 
proper can be undertaken, and the first 
of these is the investigation of unpro- 
ductive labor. In almost all industrial 
operations that have not been regulated 
according to a well-thought-out plan, a 
considerable amount of time is wasted 
by the skilled worker in purely unpro- 
labor. It may take many 
The skilled worker may be re- 


ductive 
forms. 
quired to fetch the materials on which 
he is to work, or to remove them when 
he has finished. He may be required 
to prepare the tools which he is to use, 
or to perform some operation subsidi- 
ary to the main one. Such unproduce- 
tive labor mav not, in itself, be a bad 
thing, since it may provide a rest for 
muscles that are continually being used 
in the main operation; in so far as this 
is the ease and such rest cannot be con- 
veniently provided otherwise, it 1s un- 
desirable to have this work done by a 
less skilled worker. Whether such in- 
terruptions in the work are advanta- 
eeous or not will depend largely on the 
nature of the work and the amount of 
energy put forth in performing the 
tasks that act as interruptions to the 
main occupation, and this can only be 
determined by actual experiment. Be- 
sides the actual labor that a worker may 
be required to do on jobs subsidiary to 
his main purpose, he may be kept wait- 
ing from time to time on aecount of 


Whether this 


entoreed rest is beneficial or not is also 


the method of supply. 
«i matter for experiment, and must be 
voverned by such factors as regularity 
and duration of the pauses. 

Motion Study Prop FE 
definition 


Motion study, 
according’ Lo the already 
viven, seeks to eliminate unnecessary 
movements and to improve necessary 
This may be taken as a general! 


OLS, 


definition, which will inelude various 


methods of improvement. What is 
meant by improvement must be under 
stood before judgment is passed on the 
desirability of motion study. 

If speed is the object sought, the 
value of any movement must be judged 
by its speed. There may, however, he 
another standard by which movements 
ean be judged, namely, that of the ease 
with which the worker ean perform the 
movement in question. Those who take 
this view will dismiss the speed factor 
entirely from their minds. They will 
endeavor only to devise some method 
of doing the task in question, which 
will be more in accord with physio. 
logical and laws, and 
Which will utilize the natural aptitudes 


psychological 


of the worker in a more efficient way. 
Those working on this principle will 
not seek to discover how quickly a 
worker can perform a task, but will 
endeavor to arrange that the task may 
be done in such a way as to interfere 
in the least possible degree with the 
worker’s rhythm. The effort of the 
worker, and not the task, will become 
the center of attention. 

lf this principle is adopted, the ques 
tion arises as to how we are to know 
whether improvement has taken place 
by the introduction of a new set of 
movements. The method usually adopt 
ed has been to accompany the intro 
duction of a new system of movements 
with a carefully devised method of pas 
ment caleulated to stimulate increased 
effort and to penalize any falling awa 
from the standard that has been s 
Under this system increased output 1s 
regarded as an indication that the s 
tem of movements introduced causes 
less fatigue to the worker than 
movements that were superseded. ‘T 
may or may not be the case. 


At present there is no reliable me: 


ure of fatigue that can be applied 
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joy factory conditions, and until such a 
sasure is discovered we must content 
srselves by judging the success of a 

system of movements in the fol- 
lowing way. 

The essential features of the new 

sthod should be, first, that it 1s more 

accordance with physiological and 

-yehological laws, so that the body 

mind are used in the most economic 
way by avoiding all possible strain. 

Secondly, the new method should meet 

with the approval of workers who have 

eiven it a fair trial, and should have 

ie result of making them feel less tired 
and more satisfied with their work. If 
these requirements are fulfilled, then 
the result may be regarded as satisfac- 
tory. 

An inereased output may or may not 
result. This will depend on how much 
improvement has been effected. If it 
is sufficiently large to allow the body 
to do more work, then greater output, 
if the same hours are worked, will be 

natural result. If shorter hours of 
vork are adopted. then the result may 
‘the form of doing the same amount 
work that was previously done in 
unger hours. If the improvement 1s 
so great, the only result will be 
the worker is less tired after the 
dav’s work than he was before. The 
iability to make so large an improve- 
cit as to affect output under the con- 
lions laid down, must in no way be 
iributed to the experimenter or the 
cr. The nature of the work may 

uch that an appreciable improve- 
output is 
cr because the work is so fatiguing 


affecting impossible, 
the body soon reaches its limit 
‘Tr any system, or because the sphere 
nich motion study can be applied 
oO small. 

all cases that have come to the 


t's notice, where the principle sug- 
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vested has been the basis of a new set 
of movements, increase of output and 
increase of earnings have actually taken 
place, though in no case was any effort 
made to get the workers to increase 
their output. 

Rhythm—In most industrial proe- 
esses there is a set of movements which 
is strictly necessary for the perform- 
ance of the work; there is another set 
which is made necessary by the bad 
arrangement of materials or the inex- 
perience of the workers; and there is 
a third which can only be accounted for 
by assuming that it represents the 
rhythm to which the worker has become 
used. The first set of movements can- 
not be done away with as long as the 
work remains essentially the same, but 
it can be altered by intensive motion 
study. The second set of movements 
can be entirely eliminated or altered by 
what has been deseribed as extensive 
motion study, but the third set is the 
most difficult to deal with, and also the 
with if the 
fatigue of the worker is to be the real 


most necessary to deal 
econeern of the investigator. 

These three sets of movements are 
not really separate, but together form 
a group of movements which has _ be- 
come traditional in the performance of 
Some difficulty 
may be experienced in determining to 


any industrial process. 


which set any particular movement be 
lone's, but if the matter is to be prop- 
erly taken in hand the attempt has, at 
least, to be made. When unnecessary 


movements have been eliminated by 
extensive motion studv and necessary 
movements improved by intensive mo- 
tion study, the experimenter must con- 
sider how far the remaining movements, 
due to the sense of rhythm in the work 
er, are necessary, and how far they can 
he modified and improved. 


The ideal is to make the necessary 
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movements so rhythmic and gracetul 


that no extra movements are needed 
as an appeal to the worker’s sense of 
rhvthm. Generally, workers who have 
had long experience at a particular type 
of work develop a great number of un- 
necessary rhythmie movements which 
Probably 


ever, be 


may be diffieult to elve up. 


attempts should seldom, if 


made to get workers who have become 
accustomed for many vears to one set 
relinguish them in 


The movements 


of movements. to 
favor of another set. 
have become semi-automatic and great 
discomfort is caused in any attempt to 
formed habit. 


If they are taught a grace- 


break a Beeinners are 
ditferent. 
ful and rhyvthmie set of movements from 
form habits of 


the beeinnine’ they will 


work which, when once established, will 
he diffeult to give up; but such habits, 
if based on seientifie time and motion 
study, will render work so much more 
that 


resumably there will be no necessity 


easv than under the old system 


| 
fo. them LO he elven uD. 


If the improved set of motions is of 
really rhythmic character, there will be 
litle other 


rhivthmie motions on it. 


ftendeney tO superimpose 


A superim- 
posed rlivthmie movement 1S Ole which 


is not actually necessary to the per- 


formance of the task, but which is in- 


trodueed 1)\ the worker, possibly in 


order to S\ nehronize with some phvsio 


logical rhythm whether of museular 


eontraction, heart beat or breathine. 


But whatever their cause, these move 
ments should not, unless they are hav- 
ie markedly bad results, he objected to. 


he sense of rhythm should form the 


clentifie svstem of move 


‘) ‘ ‘ 
DASIS OL an 


| 
naturally no rules ean be 


‘ 
rypeAvITS lyiat 
Trier Ps rial 


} 


laid down with regard to it. The ohieet 


Which an experimenter should place be 


Pore him 1S cs devise il SO] ot move 


will do the 


ments that 


work properly 


OF INDUSTRIAL 


HYGIENE 


and, at the same time, be able to se: 
rhvthmie motor habits in the wor 
One 
rally from the one preceding it, and 


movement should follow on 
terminal phase of the preceding m 
ment should naturally suggest th: 


tial phase of the next. 


A large field of 


alone these lines. 


research lies 

At present, little i: 
known about rhythm in industrial 
although it must play a la 


llowever much a method of do 


) ? 


CSS@CS, 


part. 


ing work may be improved, there are 


always variations in the effeet which 
different 

average of output may be raised, but 

about that 

This 


many causes. 


it has on 
the variation average re 
variation may 

Rhythm and 


mains the same. 
be due to 
motor control probably play a larg 
part in it, and it may also be in son 
way affected by varying types of fatig 
abilitv. Research into these problem: 
would be of great service to those who 
are interested in the subject of tim 


and motion study. 


Part Il: Examprtes or Morton Si 
An Kap riment a Saveet Dippr (] 


he process of ‘‘dipping’’ consist: 
almond, 


putting a ‘‘eenter’’ (an 
nut, Brazil nut, or caramel) in a jas! 
of melted sugar with the left hand, : 
covering it with the sugar by work 
it with a fork held in the right hi 
and then placing the finished sweet 
a tray. The path usually followe 
the worker’s hand when dipping 
found to be such as Figure 1 may |} 
trate. 
This 


represent 


(See page 165.) 


diagram does not, of co 


the exact line followed. 
human movement would ever be so 
act, besides which no account has 
taken of certain small movements 


necessary in order that the sweet 


individuals. ‘The 
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{ the proper size. The exact path 
owed by this movement may be seen 
joure 2, the lettering in which cor- 
yonds to the lettering in Figure 1. 
» stroke AB is not given in Figure 2. 
commencement can be detected at 
out the same place as is afterwards 
ered by C. In Figure 3 its com- 
yeement ean be more easily seen. 
‘he right hand holding the fork goes 
‘rom A to B and takes up a portion of 
thick liquid and pulls it over the 
‘“conter’’? at X. When the hand reaches 
(‘it eoes forward toward the left side 
of the bowl with the end of the fork 
vider the center. ‘The center is then 
picked up at D and deposited in the 
trav. This would appear to be the best 
v of doing the operation, because the 
hand is always travelling in approxi- 
mately straight lines. The defect of 
iis method is that the hand stops at B 
aud goes in the opposite direction and 
“oat © and goes again in the oppo- 
site direction. The necessity of having 
stop the arm twice and change the 
direction causes unnecessary strain to 
arm muscles. 
After some personal experience on 
part of the experimenter in the 
cess of dipping, he decided to recom- 
nd a method in which the hand moved 
curves instead of in straight lines. 
new method is diagrammatically 
sented in Fieure 4. 
hand, after depositing the fin- 
veet, leaves A and reaches B 


? 


boiled sugar in 


+4 
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sugar over the center and, going under 
it in the second part of the curve, comes 
up again at C. The sweet is then de- 
posited on a tray. <A cirele in the same 
direction is made there, also, in order 
to finish off the sweet. In this method 
the hand is never brought to a sudden 
standstill but continues in an even cir. 
cular movement, all change of direction 
being effected by curves and not by 
stopping the hand. Moreover, it has 
the advantage that the fork strikes the 
boiled sugar (the part of the process 
offering the greatest resistance to the 
hand) with a downward and inward 
stroke and with the full momentum 
eained by travelling from A to B. In 
the old system this part of the process 
was done by a short backward move- 
ment just after the hand had stopped 
and changed its direction. The dia- 
eram of this motion should be compared 
with Figure 3, in which the curve B—C 
ean be clearly seen. Figures 1 and 4 
represent the movement as seen by the 
worker; Figures 2 and 5 represent the 
movement as done by the worker and 
seen by the observer standing in front 
of the worker. 

The best workers in the department 
were then examined to see if any of 
them worked in the method suggested. 
The three whose output was greatest 
were found, at times, to adopt a method 
similar to, though not quite identical! 
with, the one suggested. Workers wi! 


Wal , ‘ . | } . . ' : 
64h POmiwed 1 ()] (>s1) 








Oe en oe 





ree ee 





















ee 


ai cele a ee Rae” «A 


, ore, 











164 THE JOURNAL OF INDUSTRIAL HYGIENE 


The instruectress who had charge of this 
class was not a very proficient teacher, 
and the voung girls, seeing older girls 
around them working in a different 
way and, of course, turning out more 
than the vounger girls were able to, 
showed a tendeney to drop the method 
which they had been taught, and to 
adopt the one which they found going 
on all around them, and, apparently, 
producing better results. 

For this reason attention was con- 
centrated on a new room that was to 
he started. A more proficient instrue- 
tress was found, a new-sized table and 
travs were employed, and arrangements 
were made whereby the workers were 
enabled either to sit or stand while at 
work. This new room was lighter and 
better ventilated than the old one had 
been. After three months’ work in the 
new room the workers were, on an av- 
erage, producing 88 per cent. more than 
workers of the same standing who were 
using the old method in the original 
room. ‘This increase meant that girls 
of 14 and 15 years were earning a sum 
equivalent to that earned by girls of 18 
in the old room, showing that the corre- 
spondence between age and output in 
the old room was not entirely due to 
the superior strength of the older girls, 
but that difheulty in forming an easy 
motor habit at least had something to 
do with it. The new system of move- 
ments was far more natural than the 
old one and, therefore, presumably 
easier to learn. 

Ain Kaeperiment in Bottling Sweets.— 
Lhe process of putting sweets into small 
glass jars is one that entails a consider- 
able number of operations. ‘The ex- 
perimenter noticed that the workers 
tended to do nearly all the work with 
the same hand. ‘They would pick up 
the jar from the right hand side with 
the right hand, work on it with both 


hands, and put it down on the left hand 
side with the right hand. Or they mich 
pick up with the left hand from the 
right side and put down on the left side 
with the left hand, and every other pos. 
sible combination of right and left hand 
was to be found. He thought that if 
the work could be more equitably ap. 
portioned between the two hands, and 
some system devised where both hands 
worked simultaneously instead of one 
working while the other rested, a more 
satisfactory way of doing the work 
might be found. 


a ee 


A. distinction must here be made be- 
tween ambidexterity and bimanufiabili- 
tv. By the former is meant the power 
of being able to do an operation equally 
well with either hand; by the latter, 
the power of doing one thing with the 
one hand while doing something’ else 
with the other. Persons who shave 
themselves with either hand are ambi 
dexterous; persons who can put down 
an object with one hand while taking up 
another object with the other are 
bimanuficient. Ambidexterity is not 
brought into play in the process ot 
bottling here deseribed, but bimanutfia- 
bility is. 





A system of movement was devised 
which depended on the latter quality 
being utilized, and elaborate diagrams 
were made of the movements for each 
process, but the workers could not be 
made to understand what was required 
of them. A method of doing the work 
was, therefore, devised by which the 
Whole process, instead of being done by 
one worker, was done by a team 0! 





workers, each worker doing one pal 
ticular operation. To facilitate mat 
ters, a moving belt was placed on the 
bench along which the jars traveled 
to be thrown off close to the worke! 


who Was to do the next process. 


In order to avoid having any worse! 
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perform One process tor TOO long a 


time, no girl was required to serew 
lids on to the jars for more than halt 
an hour. This operation was the most 
The reliet given 
provided an op- 
portunity for a change for each worker 
every half hour, which was better than 
any arbitrary that if 
mieht have been necessary to make, if 


tiring in the process. 
to the ‘‘serewer on’’ 


arrangement 


all the processes had been of equal dif- 
ficulty. 

The new system, after working for 
some time, resulted in the workers’ 
being 
about 50 per cent. greater than when 


the previous system was in vogue. Fur- 


average output and earnings 


ther than that, so much floor space was 
saved by the new method that the room 
will accommodate 90 per cent. more 
workers than was previously possible. 

The feature of this ex- 
periment is that the method of work 
adopted provides that the jar to be 
worked upon shall always arrive at the 
rignt hand side to be picked up by the 
right hand, and that the jar that is fin- 
ished is always put down on the left 
hand side; this facilitated 
by the belt. The result is that with- 
out any instruction the workers have 
learned to pick up one jar while they 
put down another, in fact have learned 
in this respeet to become bimanuficient. 

An Ba perunent Lil Coveriig Choco- 
lates, Ln 


worker drops the center into the 


interesting’ 


process is 


covering chocolates, the 

| choco- 

late with the left hand and covers i 
a tork held in the right hand. 


, ? } 
iil i if ‘SER el eae. 


movements which they employed, som, 
making extended movements thone}, 
few in number, and others making th 
same number of movements thoue)h 
less extended in nature. This can he 
illustrated by reference to Figures 5 
and 6. 

The investigator hoped that he would 
be able to reduce the number of move. 
ments employed by getting the workers 
to adopt the rhythmie curved move- 
ment which was employed in sugar dip- 
ping, but he realized that no definite 
rule could be laid down as to the exact 
number ot movements necessary on 
account of the technical difficulties con- 
nected with the thickness and tempera- 
ture ot the chocolate. He therefore 
decided to suggest a method and to 
leave it to each worker to determine 
how many movements she would take 
to do the work. 

The workers tound the new method 
so easy that in a few months their piece 
rate earnings were equal to the earn- 


s 


ings of girls of several years’ stand- 
ing. When they had reached that 
standard they were moved into the 
room with the other workers. Many 
of the older workers became most in- 
terested in the new method and began 
to pay attention to the number of move- 
ments employed. ‘The forewoman was 
of the opinion that the new method had 
had a beneficial effect | 


Most upon 


whole department, and she was sur 


’ 1 ° ] y . 
that the dippers as a whole were 
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ing in vogue in the particular factory 
in which the experiment was carried 
out was of the latter type. 

The only way to insure easy rhyth- 
mic movement on the part of the work- 
er was to design patterns which made 
it possible and which at the same time 
were attractive to the eye. This was 
done, with the result that the new pat- 
terns necessitated that chocolates be 
taken from the boxes in something like 


the following order: 


Bottom Layer Top Layer 


a a Se * 5 > > A ae 2 
- ~ — — *) > *> *) 
~, ”, , >, > > >, > 
i} = & & B® & 4, 
10, 10, 10, 10, 5 Ss & 8, ete. 


This is only an example, and an in- 
finite number of patterns are possible 
which still allow the worker to move 
in an ordered way. The worker’s hand 
still has to move from the center of the 
bench, where the box which she is pack- 
ing is situated, to the circumference 
where the boxes from which she is tak- 
ing chocolates are situated; but instead 
of having to make a separate decision 
each time a chocolate is required as to 
which box to find it in, her movements 
ean now be made in a semi-automatic 
fashion, simple movement associations 
being formed which directly correspond 
with the visual association ot the re- 
quired pattern. 

A new bench was designed which en- 
abled the worker to sit while at work, 
and the boxes from which she was pack- 
ine’ were arranged in a semi-cirele in- 
stead of in a straight line in front of 
her. The sides of the seml-cirele worked 
on hinges and could thus be easily ad 
justed by the worker to the position 
in Which she found it most comtortable 
LO work, The new method ot packing 
resulted in an increased output of 38 


per cent. 


In all these experiments no stimu! 
of any kind was given to the worke;. 


to merease their output. The princip|. 


A 


In each case was to devise what wae 


believed to be an easier way of doine 
the work and then to leave the matte, 


in the workers’ hands. 


SUMMARY 


Time and motion study is of great 
industrial importance. It was intro 
duced by Taylor and followed up by 
Gilbreth with the direct object of in 
creasing output; the former timed the 
quickest workers, while the latter, by 
timing units of movements, determined 
a shortest possible time; both these pio- 
neers urged on workers to attain the 
pace fixed. Workers object that both 
these methods which aim only at speed 
result in unhealthy drive. 

A new point of view is now proposed 
which concentrates attention on ease of 
movement and not on speed of produc 
tion, on the effort of the work and not 
on the task. The object is, by making 
necessary movements rhythmic and 
eraceful, and by eliminating unneces 
sary movements, to minimize fatigue 
and produce pleasure in work. In 
creased output is not the objective, and 
may or may not result. It is significant, 
however, that in every case that has 
eome under the writer’s notice, where 
this new principle has been employed 
increase of output has in fact resulted 

Practical applications of this ney 
point ot view ata process of sweet di 
ping resulted in an increase of outp 
of 88 per cent.; at bottling sweets, 
an increase of 50 per cent.; at cov 
ing’ chocolates, in ereatly shorten 
the time required for aequiring p! 
ficiency; and at chocolate packing, | 
an increase of 38 per cent. No stimu 
was used in these experiments to ind 


the operatives to work taster. 
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TUBERCULOSIS AS IT AFFECT S THE INDUSTRIAL WORKER* 


Mrank A. Crate, M.D. 


From the Phipps Institute of the University of Pennsylvania, Philadelphia 


HK relationship between tuberculo- 

sis and the industrial worker is so 
complicated and involved, and presents 
so many phases of interest to the indus- 
trial physician, that it would be mmpos- 
sibie to do more than refer briefly to 
eertain of the more important phases of 
the subject. There is no disease which 
is so important from the standpoint of 
the industrial physician, as it appears 
in sO many varied forms and may so 
completely disable the workman, fre- 
quently after a prolonged period of par- 
tial disability with the loss ot a consid- 
erable amount of time and _ efficiency. 
The onset is usually so insidious that 
the disease becomes well advanced. be- 
fore its true nature is recognized. 

During recent vears great stress has 
been laid upon the importance of ehild- 
hood infection with tuberculosis, and 
the frequeney of adult infection has been 
questioned, but the studies upon which 
this view is based are of such a character 
that it would seem inadvisable to neglect 
any of the precautions which have 
hitherto been employed to prevent the 
dissemination of the tuberele bacilli 
among adults. In industry the detee- 
tion of the disease is of the utmost 1m. 
portance to the employer, the employee 
affeeted, and his fellow-workers. 

The relationship between tuberculosis 
and industry eonstitutes one of the most 
important problems bearing upon the 
prevention of this disease, the solution 


FRead before the Section on Industrial Medi- 
eine and Surgery of the College of Physicians, 
Philadelphia, Feb. 24, 1922. Received for publica- 
tion Mareh 27, 122. 


of which unfortunately presents many 
difficulties. It is almost impossible to 
determine in any individual ease how 
important a part has been played by 
occupation, and to what extent home ey 
vironment and mode of living have been 
responsible for the development of the 
disease. A weak point in most of the 
studies of tuberculosis in industria! 
bodies hes in the fact that the home con 
ditions of the workers have beey 
ignored. ‘The disease is extremely prey 
alent among the poor industrial work- 
ers—that large group which is usually 
exposed to crowded, poor living’ condi. 
tions, poor food, dissipation, and simi. 
lar factors which we know may be re. 
sponsible for the development of the dis 
ease and may favor its spread. 

There can be no question that working 
under unfavorable conditions results in 
an increase of the disease and that im 
provement of the general hygienie con 
ditions of the plant is followed by a 
reduction in its frequeney. Industry, 
then, bears the same relation to tuber- 
culosis that the home environment bears 
to it; it is just as essential that the 
working conditions should be favorable 
as that the home conditions should be. 
In studying tuberculosis in any give 
industry, one must not only consider 
the special trade processes involved, hu 
also the general conditions as to lig 
ventilation, ete. There are certain tra 
processes and occupations, especia 
those in which irritative types of in 
ganic dust constitute a hazard, wh! 
have such a high mortality rate f1 
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hbereulosis that they have always been 
; varded as definite predisposing tac- 
(he effects of industry 
marized by Dr. Hayhurst (1) as fol- 

=. (1) deaths from industrial dis- 

ses are rare; (2) specific occupational 


have been 





-enses, such as, for instance, those due 
yoisons, are fairly common; (3) non- 
cific occupational diseases, repre- 
nted by chronie infections and degen- 
ative processes, are very common; 
e (+) health complaints in which the 
mpation enters as a chief factor are 
ost universal. He further states, 
lt is startline when we realize that 

an innocent occupation as that otf 

telephone eirl is associated with a 
ilosis rate ot 43 per cent. of all 
hs among this class of workers, and 


he stenographer suffers a rate of 


e* 


per cent. trom the same disease. 





\nother phase ot the tuberculosis 


Mr) ot eonsiderable practical 1m 
eSp clally trom the standpoint 
industrial plant, is the relatiou 
tubereulosis 
regarding a sut- 
imber of cases has been estab- 
which tubereulosis has followed 
atism—in individuals known to 
hpeen tree of all evidence of the dis- 
rior to the injury—to warrant one 
pting’ trauma as a possible CAUSE 
e deve lopment ot the disease. ‘The 
il examination of applicants for 
ment and the frequent re-examin 


1) whieh a plant 


POSSCS SCS 


being unjustly held responsible 


] . 
t*satrri ' 
LCULOSIS LT 


persons who, when 
Claim that the traumatism is 
for the disease. 


One studies the trequeney with 


ipereulosis iS encountered in inl- 





bodies, one encounters difficulty 


ring data sq formulated that a 
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1 employees are the only means of 








INDUSTRY we 


definite comparison of one plant with 
another can be made. Some statisties 
refer to males, some to females, and 
others to both sexes. In some instanees 
where both sexes are included, the pro- 
portion of males and females, with the 
corresponding rates, is not given. Often 
no mention whatever is made of the sex 
of the workers. Similarly, no distine- 
tion 1s made hetwer 1] white and eolored 


workers. Very tew statistics give the 


average age of the workers and practi 
ealiy none are arranged according’ to 
age group. Rarely is mention made of 
the exact occupation of the individuals 
affected. 


examinations 1s given, but veneraliy no 


Oceasionally the number of 


reference 1s made to the total number of 
workers employed, the reasoll hor the 


examination, the method otf examina 


tion, or the grounds upon which the 


diaenosis Was based, eTC., Some phiysi- 
ClallS employ the LeTTN “* Serious lone dle 
rect. and tail to state the nature of the 


\* : | | { . 
detect; some include suspected tubereu 


Sa De a wee 
losis and definite tubereulosis under one 
heading’: others inelude them wm 

separate I) aAdine’s. lt IS HOt SULYDTVISIN®, 
oe eae a? oe “1 — 
li view of this laek of unitormity. that 


the tubereulosis incidence rates in Table 


VaVPLOUS 


show such an exceedinely wide 


Ee which I have collected from 
sourees, 
variation, running all the way from 
OY per cent. to 6 per eent. ‘The definite 


. .) 6 & | j | 
tubereulosis cases in which the complete 


neures are given show an average ol 
( . 
1.494 per cent 
yy . ‘ . i} . 
bne great Variation between the na 
ne 
mes of the different ; rs in various 
nicl) 1] ae ’)) (>) | r ria; 
j ‘ it?s (°c | i ( | i) { > 
i 
] 
1] Lif 11] (* ¢) rif (>] ( ()T ( il] 
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disease, as rnere are too Many otner tae 
+ ' } ] ] . 
tors whieh mu alSsSO CP taken Into Gon 
sideration SUCI a> axl, eoior, 
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methods emploved, and the madi 
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Oplh1on Of; the examining? 
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to what physical signs and symptoms 
are to be considered as indicating the 
presence of the disease, and as to what 
care Was exercised in making the exami- 
nation. This personal equation of the 
examining physician is probably one of 
the most important involved. 
While the imeidence 
table 


are sufheient to indicate that the disease 


factors 
rates given in this 
are by no means constant, they 
is so generally prevalent as to warrant 
our emploving every possible means to 
prevent it. 


Viewing the problem trom a slightly 


ditfert anele, it is interesting to see 
how many davs per employee are lost 





lly through tubereulosis. In his 
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investigation of this kind for the detec 
tion of one disease alone. As a matter 


ot tact, every defect or disease detect- 





ed and corrected, and every step takey 
to improve the health and well-being of 
the individual is a step toward the pre 
vention of tuberculosis. 

The examination has bee) 
fairly employed and is 


entrance 
generally 
operation in a large number of plants 
because it is a procedure which more 
readily appeals to the employer 
promising a definite, tangible return |y 
eliminating the seriously disabled and 
diseased workmen, and also serving as 
a control on the type of work which may 
be performed by workmen with a mod 
reventing them fro 


erate disability, } 
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Industry Title of Defect 





—.. electric mfg. co. serious lung defect 


leather works and) unquestionable 


cannery tuberculosis 
steel company lung disease 
+e + ++ “és 


department store active tuberculosis 
inactive 
tuberculosis 


6 ‘6 active tuberculosis 


inactive 
tuberculosis 


tuberculosis 


grindingcompany /ung rejections 
6 ‘ pulmonary 
tuberculosis 


not stated: medi- tubercuios: 

uberculosis 

um but hazardous 
International 
llarvester Co. 





Sch sky (11) garment workers pulmonary 
tuberculosis 
garment workers the same 

Priv 


bakers 

tailors 
tobacco workers 

furriers 


eS] 
Fis! Insurance policy possible 
holders tuberculosis 
commercial of lungs 
employees the same 


Mo cof 
clerks, 35% 
light skilled, 20% jactive tuberculosis 
heavy mfg. and 
laboring, 45% 


miscellaneous. re- 
ports of ten 
surgeons - 


steelworkers— 
U.S.P.H.S. 





Rob 


miscellaneous pulmonary 


Tai tuberculosis 
policemen and 
hremen the same 
. pulmonary and 
(1: nt drafted men suspected 


tuberculosis 





drafted men in 
Pennsylvania the same 


tuberculosis 





5 | 
telegraph co. 


No. at 


Cases 
17 
44 
Q() 


me + DOD 


bo 


Sal 


10 


103 


36 


1—TUBERCULOSIS RATES IN INDUSTRIAL 
VARIOUS SOURCES 


Incidence 


Rate 
% 
0.09 
0.14 
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0.03 
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many others, usually develops insidious- 
ly, the patient frequently not consider- 
ing himself ill until the disease is well 
developed or even advanced. ‘This facet 
was strikingly illustrated in the exami- 
nation of the policemen and firemen of 
the city of Philadelphia, recently COL - 
ducted by the Phipps Institute of the 
University of Pennsylvania, in which 
nearly two-thirds (64 per cent.) of the 
eases of tubereulosis diseovered had 
previously been entirely unsuspected, 
even by the affected individuals them- 
selves, 

In order to prevent the infeetion of 
other workmen and to secure a reten- 
tion of the working eapacity of the in- 
dividual affected with tuberculosis, with 
the loss of only a relatively short per- 


old of time, the disease must be dis- 


] | rity . : | J 
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eral employment of periodic phys: 





examinations would constitute one 
the most effective measures that ¢ 
be devised for the advancement of pr. 
ventive medicine. 

To be of value it is essential that 
examinations be made with thoro 
ness, care, and precision; otherwise 
early eases of tuberculosis will be over 
looked. There is no disease which 
ries more in its clinical manifestati 
than does tubereulosis; in some Cases 
the general symptoms predominate, a 
in others the pulmonary signs are n 
marked. The latter type of case 1s m 
easily recognized by the examini 
physician than the former, which is 
quently contused with some other d 
ease. While the early recognitio: 
the disease is not always easy, in 
majority of cases a careful examinat! 
will revi al its presence. [ft is a mista 
to view the early diagnosis of puln 
ary tubereulosis as a very difficult pn 
cedure requiring exper traming, 
ployment of the roentgen rays and 
lar costly methods. More early ¢ 
pass unrecognized, through ear 
less or neglect to examine, that 


+ 


undetected on account of laek of 


Pe "| { 


pm | 
LY. LHere are. tO he Sure, A CC! 
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number of cases which tax one’s 
nostie abilitv very severely, but 
constitute only a relatively small 
portion of the total number. 

The cases which present the 


] ? 
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diineultv are those in which the i. 
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iptoms or general signs suger 
thy nresence >] tuberenlosts. 
7 . . } . . ] 
Lhe physical Signs mM the 
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other hand, those in which there 
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I rie { \ it * Tice t ()] PuUimNonars (4 


suggesting tuberculosis, in whic! 
sputum remains negative tor 


baeillh. In hoth ot these types ot 


it may he found necessary for | 
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trial physician to seek the assistance 
some one who has had considerable 
erienee in diseases of the chest and 
» has aeeess to laboratory facilities 
-}, will aid him in establishine a 
ONOSIS. 

‘he method to be employed in earry- 
out entrance examinations is so well 
wn that it 1s refer 
at this time. 


unnecessary Lo 
The periodic health 
aminations constitute more of a prob- 


the method of procedure varying 


th the size of the plant, the number of 
rkmen that can be spared trom work 
one time, the medical equipment of 
e plant, ete. The frequeney with which 
‘vy should be carried out is also a diffi- 
question to decide, as I have so far 
unable to discover any accurate 
dies Which would throw any light on 
jestion. In very hazardous oceu 
us it is customary to make exami 
- 4 


sat frequent intervals, even every 


but in the average plant 


] 
ade at 


they 


intervals ot one, two or 


years, according’ to the iudement 
: —_ ke ; 
medical officer. 


industrial plant with a medieal] 


of its own should experience no 
In Makine periodic health ex 


lions, provided they were taken 


consideration at the time when the 


U staff was organized, or provid- 
personnel is increased to permit 


mace. They May He made 


each 
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with the routine medieal 


service of the plant. 


interfering 


The plant which has no regular medi- 
eal officer or only a part-time physician 
will find it almost impossible to have 
periodic health examinations made with- 
out the help of some outside agency un- 
less the number of employees is so small 
that the part-time physician can make 
the examinations along with his routine 
work. 

The need for some organized agency, 
which could assist in the work ot con- 
ducting health surveys and could serve 
diagnostie center tor ob- 


as a 


eroup 
SCULre CaSes, SO impressed the Henry 
Phipps Institute that it organized such 
a team of examiners and established a 


diagnostic elinie for the use of indus- 


trial plants in and about Philadelphia, 
the object being to provide a service 
disabilities and 


he 


period of business depression seriously 


whieh would eover all 


nol merely tubereulosis. recent 


: 7 (° , ] —_ | 1, 
mieriered With tne 


] ] : 
but the diaeine 


health survey work 
stie clinie is now in opera 


tion and ts handline’ eases from several 


_ a ee ee mS | 
Marve MauUStrilal establshments. 


In the forevolne paper | have at- 


tempted to give an outline of the tuber 


eulosis problem as it atfects the mdus 


trial worker. An unu opportunitr 
: | in 7 4 | > ee ase | ; 
is here offered tor the introduction. ol 
HDreventlve Measures, Hel) aS, LO 
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CERTAIN ASPECTS OF THE PROBLEM OF ZINC TONXICITY* 


Puitiep Drinker, B.S., Cu.E. 


From the Laboratories of Physiology, Harvard Medical School 


INTRODUCTION 


HE toxicity, physiological action, 

and distribution of zine and its 
compounds are of importance chiefly 
oxide, their most inert ex- 
ample. Finely powdered metallic zine, 
as such, is not absorbed through the 
skin by handling and is eneountered in- 
dustrially only in the form of blue pow- 


as the 


} 


der. There appears no evidence in the 
literature that ill effects from blue pow- 
der oceur in the industries where it is 
used the most: namely, in sherardizing, 
in the evanide process, and in the manu- 
Whether in the 
spelter it 1s very 
with 
classed as of no importance from the 


facture of certain dves. 
form of powder or 
eenerally, and entire justice, 
toxicological standpoint. 


Isolated cases of skin lesions and 
burns from zine chloride have been re- 
ported from time to time. Their nature 
and treatment are well understood and 
their occurrence can be ascribed to care- 
lessuess. Compounds stich as the sul- 
phate have no from the 
standpoint of industrial hygiene. 

Zine oxide is daily receiving greater 
industrial application. It is used exten- 
ively in the compounding of rubber 


ds, in the manufacture of paint, lino- 


importance 





oll cloth, glass and porcelain, in 
preparation of zine salts, especially 
chloride, and in other less important 


stries. 


Brass Founpers’ AGUE 


several industries, of which brass 





ved for publication June 7, 1922. 
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manufacture is the best example, zine is 
heated to a temperature at which it 
exerts a high vapor tension. The burn- 
ing of this vapor then produces zine 
oxide in a state of extreme particle fine- 
ness. The inhalation of the oxide in 
this condition has been held to cause the 
malady known under a variety of names, 
of which brass founders’ ague, or more 
simply the ague, will be used hereafter. 

Symptomatology=—More than _— sev- 
enty years ago descriptions of the ague 
appeared, and these have been accur- 
ately reaffirmed so often that they need 
but a brief word in addition. A few 
hours after exposure to air containing 
the freshly formed oxide, a dryness in 
the throat is noticed which gives rise 
to a tendency to cough. General lasst- 
tude, an oppression in the chest some- 


times resultine in difficult breathing, 
and occasionally vomiting, are other 
early symptoms. After leaving the 


casting room, which is usually warmer 
than the outdoor air, chills are induced, 
ultimately developing into shakes with 
an attendant rise in temperature which 
passes off in a few hours with copious 
sweating. This series of events creates 
a desire for warm drinks, of which milk 
With 


the passing of the fever the patient 


seems to be in the greatest favor. 


sleeps soundly and arises the next day 
feeling slightly weak but not incapaci- 
While the ague rarely 
causes absence from the foundries, it 


tated for work. 


has been repeatedly reported that on 
Mondays and on days following holi- 
days workmen are more susceptible— 
a fact which indicates that an immunity 
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is developed by habituation to the 
fumes. Alcoholism is claimed by some 
as a factor enhaneimg individual suscep 
tibility. 

Treatment and Pi vention. No spe- 
cific treatment has been shown to be 
universally effective. It is claimed that 
warm milk- induces precipitation of zine 
albuminates and thus rids the system 
of the cause of the ague, but this theory 


has HV NO Means been proved. Although 
warm drinks may be of help, warm 
water would probably be about as effee. 
tive. 

It has been demonstrated repeatedly 
that good ventilation will prevent the 
ague. The problem should, theretore, 
be placed in the domain of preventive 
ine, and the oeecurrenee of trouble 
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ently not received the recognition w 4 
it has deserved. Although our ku 


edge has progressed since the pub! 
tion of this monograph, there ar 
many valuable data compiled in it 1 
free recourse has been had to its pa 





in the preparation of this article. 
Heat of Formation of Avie Oxid 
Pure zine melts at 419.4° C. (2) 
under normal pressure of 760 mm., boils 
at between 920° and 950° C. (5), 
exact boiling point still being subjec 
dispute. for convenience the ra 
9Q2QO° to 930° will be used in this paper, 
and it is sufficiently aceurate for 
purposes intended. 
Lo produce 1 gram-molecule of 


oxide (81 em.)! it is necessary to 


6) em. ot zine with 16 em. of ox, 
r (? a. . ] : ! are ] E ~ 
i | rhs t CLO TIC Ca lO metrically ii] 


] ] i ] ae 
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> «oy of boiling zine is, therefore, exo- Per Cent. 
Ss ormic to the extent of 121,145 calories ree pete EN fe a ce 0.013 
| cr gram-molecule of zine oxide formed. 7%) ‘ditfcrenee) 1.090205 
The fact that zine vapor 18 quanti- Sb,0, ............c cece eee e eee e eee 0.033 
atively converted into the oxide, if the 
,porization takes place in an oxidizing In the commercial manufacture of 
‘mosphere, is the basis of the processes zine oxide two processes (5, p. 281), the 
which thousands of tons of oxide are French or indirect and the Wetherill or 
: »rodueed today. If the reaction were direct, are in general use. In the for- 
quantitative and other zine com- mer, zine vapor is burned as it issues 
pounds or metallic zine formed, they froma battery of small retorts in which 
ould unfailingly appear in the chemi- metallic zine is boiled. In the Wetherill 
ally pure or even the commercial grades process, as applied by the New Jersey 
oxide. The fact that such is not the Zine Company (6) at Palmerton, Pa., 
case is well shown by the following an- the souree of zine is oxidized ore in 
dyvses, kindly furnished by the New Jer- which the zine may be considered pres 
Zine Company. ent as the oxide to the extent of 18 to 22 
. i per cent. Advantage is taken of the 
a lily br dled maga id heat remaining in the furnace from the 
previous charge which, with foreed 
Analysis on material as recewed ; draft, serves to ignite a layer of anthra- 
Per Cent. cite coal. On this is placed the oxidized 
PO Nu cans toe av kee MERA es ERE 0.026 ore intimately mixed with fine anthracite 
50 0.244 Coal. The temperature used commer- 
a eee se ee eee ee ee eee ee es 0.058 sally tox the vadustion of cine Gxifia ia 
| ye Ee S| Sree er ee 0.240 ' 7 | ve ‘ . 
3b Peer erry ee epee we re eee 9.036 inthe neighborhood of 1200° to 1800° C, 
5 (RECT ee eee eee 0.096 (0, p. 67), so that the reduced zine ap 
at 0.025 years in the vapor and not in the metal 
Ok | AOS ere cane i ere \bsent _ < 
ae | i? state. ‘Thus, the zine oxide is first re- 
POO, coc cceceeeeeeeeceeceseeeee.. 0,017 duced to zine vapor and then re-oxi 
wind) See ee ee ee eee eee (een ee ee we 0.006 dized. The oxidation takes place 
| and ie Ge ‘sae above the charge bed and is complete 
Tine Oa a hee ote 9992 When the fume enters the suction pipes 
leading to the bag filters, where the ox- 
ANALYSIS No, 40339: SAMPLE OF ide is collected and packed for shipment. 
ZINC OXIDE ‘‘SELECTED’’ 
Analysis on material as received: Ileat of Formation of Certain Other 
Per Cent, Wetallic Oxides —The burning of zine 
«et Paths ee a) 5. ts i ne 0.9023 quantitatively to its oxide has numerous 
} OU Zac ee cs eo ee eases 0.230 analogies among other metals and par- 
S as SO. eee eee eee ee ticularly those entering into brass, the 
UM MOs ce tsssrrss DOE most widely used zine alloy. To be com 
Richa re eens +5 eek ae ee pea ees 0.094 parable in their tendency to form oxides, 
Peete ee ee ee eee eeeeeeeeess OOII their several heats of formation should 
CUES!" goor be compared on the basis of equal 
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weights of oxygen, of which 16 gm. gives 
this 


a convenient unit. Caleulated in 
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manner tor a few of the metals, we have 
the following (4): 


Per Gram- Per 16 Gm. of 


Oxide Molecule Oxygen 

Calories Calories 
MeO 143,400 143,400 
Al,,O, 392,600 130,500 
ZnO 84,800 84.800 
Cdl 66.300 66.300 
Sb..O. 166,900 00,6033 
Pb.O- 50.800 50,800 
Cu.,.O 43 800 45,800 
CuO 34,400 37,700 
PbO, 63,400 31,700 


The second reaction on this list is the 
basis of the Thermit process, in which 
the heat liberated by the burning of 
aluminium is sufficient to reduce iron 
oxide and furnish molten iron for weld- 
ine. Of the zine, cadmium, lead, and 
copper group, it will be seen that zine 
heads the list by a considerable margin. 
(nee the reaction is started it will, 
therefore, proceed with greater violence 
than in the eases of the other three 
metals. 


Manufacture of Commercial Zinc or 
Spelter—Owing to the facets that the 
temperature of reduction of zine oxide 
is well above its boiling poimt and that 
the zine vapor formed by such reduction 
oxidizes with extreme ease, zine smelting 
cannot be carried out in the manner in 
which iron is reduced in the blast fur- 
nace.” The processes used today for the 
manufacture of metallic zine are tunda- 
mentally the same everywhere. Zine ore 
in the form of oxide, roasted sulphide, 
or carbonate, is mixed with approxi- 
mately equal parts of a reducing agent 
such as anthracite coal, and placed in a 
small clay retort or still to which is at- 
tached a clay eondenser. The still is 
heated by gas flame, and when the mass 


Attempts have been made to carry out such 
reductions at high pressures but with results of 
no commercial interest 


reaches the reducing temperature of 
zine oxide, zine vapor is evolved in the 
retort, passes to the condenser and _ js 
there condensed to the liquid. Ovxida. 
tion always occurs to a slight extent iy 
spite of the strongly reducing condi. 
tions, and some oxide is formed eyey 
in the condensers and is used in subse- 
quent charges. Carbon monoxide je. 
sults from the reduction of zine oxide 
with carbon, and burns with the smal] 
amount of uneondensed zine as_ both 
vases issue from the condenser. 

The trifling quantity of oxide which 
forms in the condensers tends to con- 
dense the metallic zine to the form of 
very fine droplets coated with a film of 
oxide. In the commercial production of 
blue powder the condenser is kept below 
the melting temperature of zine. The 
blue powder formed is extremely fine 
and burns with great ease — with so 
much ease, in facet, that it is stored in a 





dry atmosphere to avoid fire hazard 


(0, Pp. ded). 

Vapor Tension oF Zinc AND CERTAIN 

OTHER METALS 

If the vapor tensions of the metals 
are plotted with tensions as abscissac 
and absolute temperatures as ordinates, 
the curves are asymptotic with the » 
and y axes. This makes the interpola 
tion of points at low pressures or hig! 
temperatures subject to great imaccy 
racy. If the logarithms of pressure ar 
used as abscissae and inverse absolute 
temperatures as ordinates, the curves 
heeome approximately straight lines s0 
that the accuracy of boiling- point deter 
minations under various pressures ¢.U 
he checked by observing whether these 
points tall along the ealeulated stra 
lines. In this manner vapor-ten: 
data of the metals have been collate 
). Cu : 
from his data for copper, tin, lead, 


and presented by Johnston ( 


s* 


and cadmium are reproduced in F1: 
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Considering the vapor tension of zine 
der any temperature as an index of 
. tendeney to volatilize, and, if in the 
» to oxidize, this tendency can be com- 
sted from the curve. At the tempera- 


‘oye of galvanizing (approximately 
75° C.) zine exerts a tension of 0.16 


um. (computed from the curve), while 
vder boiling conditions its tension is 
60mm. Consequently the formation of 
vide tends to proceed about 4,750 times 
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eertain metals 


lic. 1.—The vapor pressure of 


a 
‘ 


us rapidly when zine is boiled as in or- 
Assuming that zine 
oxide, formed by oxidation of vaporized 


dinary galvanizing. 


zinc, is the eause of brass founders’ 
ague, it should be many times easier for 
a case to be developed where zinc is be- 
ing boiled than where the zine is at the 
‘ow temperatures used in galvanizing 
That this is true in industrial practice is 
ery generally admitted. 
(ryoscopy of the System Cu: Zun- In 
sidering the 


Vapor tension of the 


lamiliar zine alloy, brass, factors 
cr than that of simple solutions enter 
the problem. Cryoscopie CULrVeS for 
stem Cu: Zn have been determined 
how that the melting points of the 
ie between that of either metal. 
cr melts at 1083° C. (2). and zine 

; 4 Gillett (1, p. 131) gives 75 


Lo a 
Zn a melting’ point of 920° CU 


9 


PROBLEM OF 








ZINC TONICITY 18i 
while 60 Cu: 40 Zn melts at about 890° 
C. By increasing or decreasing the. per- 
centage of either metal the melting point 
ean be altered at will. In practice this 
is not strictly carried out since it has 
been shown that, with certain definite 
proportions, alloys of optimum tensile 
strengths, ductility, hardness, ete., are 
formed. Furthermore, metallographi 
‘al observations have demonstrated that 
all of the zine and copper present are 
united as a true alloy or solid solution 
When 
thus united it is probably correct to treat 
The 


excess copper or zine may then be con- 


only under limited conditions. 
the system as a simple solution. 


sidered to exert its own independent ef- 
fect in the estimation of vapor tensions. 
Kor our purposes it is sufficient to con- 
sider brass as a true solution in all cases 
and to ignore the heat of formation of 
Cu: Zn, which is probably not great. 


Vapor TENSION OF BRASSES 

The boiling point for copper is about 
9350° ©. 
930° C. 


to molten copper it will quickly be heat 


(5), as compared with 920° to 
for zine. If cold zine is added 
ed to a temperature in the neighborhood 
of its boiling point. If we suppose the 
copper to be at a temperature of 1150 
C., Johnston’s curves show it to have a 
The 
tendency for copper oxides to form from 
this 


therefore, negligible compared with the 


vapor tension of only 0.002 mm. 


copper vapor at temperature Is, 
oxidation of the zine vapor which would 
exert practically its full tension of 760 
mm. 

When the zine is all melted and mixed 
with the copper — and this occurs rap- 
idly — we have a system which, like aleo- 
hol and water, boils at a point hetween 
the boiling temperatures of the two con- 


stituents. the tension of the mixture be 


ing the sum of the partial tensions of the 
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two metals. Hansen (8) has made sev- 
eral vapor-tension determinations for 
various brasses, and these determina- 
tions, with others, have been brought to- 
eether by Gillett (1, p. 126). Ina curve 
shown in Figure 2, Johnston (9) has 
used these data for plotting, taking as 
abscissae the percentages of zine in 
brass, and as ordinates, the ratio be- 
tween the measured or calculated pres- 
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hig, 2.—Ratios of the partial pressure of zine in 


brasses to the pressures exerted by zine alone (4). 


sure, P, of the brass to the pressure, P, 
which the zine alone would exert at the 
temperature in question. With this 
eurve and his own vapor-tension caleu- 
lations, Johnston (7) has also plotted 
the approximate vapor tensions of zine 
in a number of brasses, the curves of 
which are reproduced in Figure 5. If, 
to these vapor-tension curves, we add 
that of copper, it will be seen that va- 
porization of this metal below a tem- 
perature of 1200° C. is too slight to be 
readable. This temperature is above 
that normally used in the melting and 
pouring of brass. Gillett (1, p. 259) 
believes that there is little or no copper 
in brass fumes from true volatilization, 


and that such as is found from fume 
analyses is due to mechanical entrain. 
ment with the zine. This seems to be iy 
accord with the theoretical evidence of 
the vapor-tension data. 

It we consider brass to contain noth. 
ing but copper and zine, Johnston’s 
curves explain the greater evolution of 
zine oxide from yellow brass with high 
zine content than from the low 
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iG. 3. The approximate partial pressure « 
zinc from several brasses at various temperatures 
(o>), 
brasses. If it is desired to impoverisl: 
a given brass with respect to zine, it is 
only necessary to keep the temperature 
sufficiently high to produce a requisite 
evolution of zine-oxide fumes. 


MANUFACTURE OF Brass 


In the manufacture of brass in was 
heated furnaces or eruecibles, the molten 
metal is covered with a layer of charcoal 
or coke, to which a little sodium ehloride 
is usually added. Gillett (1, p. 14! 
states that covers for the erueibles |i J 

keep down volatilization of the z 
but that they are seldom used. Wh 
erucible is removed from the fire, 2 
fain amount of zine is burned to 
oxide as the zine vapors rise fron 
molten mass. When the charcoal 
is skimmed off or a cover removed, 


is a more rapid evaporation ot 














p 








; a: gots ntnal dmeauietiiaes 
SD peal 0k tpn aad See tS 











DRINKER—THE PROBLEM OF ZINC TOXICITY 183 


or — just as there is a more rapid 
poration when the cover is taken off 
+ of boiling water. The zine vapor 
s»< and is burned as fast as it comes 
contact with air. The oxide formed 
+ extreme fineness and readily floats 
ward by virtue of the convection cur- 
ts eaused by the heat from the cru- 

le. 
'{ the brass contains cadmium, this 
tal will, by virtue of its greater vapor 
sion, be more readily volatilized and 
red than is zine. At the expense of 
considerable amount of zine, brass can 
impoverished with respect to cad- 
nium simply by keeping the brass at a 
relatively high temperature. Lead, with 
a lower vapor tension than zine, and tin, 
with a tension greater even than copper, 
are often used in alloys with zine and 
Theoretically, their volatiliza- 
tion and oxidation follow these same 


Qpper, 


veneral principles, and the composition 
of the oxide fumes from molten alloys 
coutaining a mixture of all four metals 
can be approximated by curves made as 
are those of Johnston for simple 
brasses.* 

ln the electric furnace these same 

principles apply. Much higher temper- 
‘tures, particularly in are furnaces, can 
reached, and volatilization corre- 
spondingly increased. For this reason 
careful temperature control is perhaps 
“vel more essential than in gas-heated 
urnaces, but at the same time the 
vlpulation of the temperature is fa- 
itated., 

: smposition of Brass Fumes. — We 
concerned only with fumes at tem- 
‘ures at which they can enter the 
aud mouth without producing in- 

due to heat alone. To breathe 
s containing unoxidized zine vapors 
tes their inhalation before they 


(t (10) claims that this is not so in prac- 


that both cadmium and lead are more 


Olatilized than is zine. 


have reached the air and been burned to 
the oxide. Obviously this is not to be 
considered. ‘There appears no evidence 
that it is possible to breathe fumes con- 
taining unoxidized metallic zine of suf- 
ficient fineness to float upward with the 
air currents. Gillett (1, p. 259) says, 
‘*Tt is unlikely that metallic zine reached 
the lung's unoxidized’’, and this, in the 
writer’s opinion, is putting the matter 
conservatively. 

Analyses of brass fumes show the 
presence of the several metals entering 
into commercial brasses in quantities 
and types of compounds, such as chlor- 
ides and sulphates, which can only be 
explained independently of vapor-ten- 
sion caleulations. Sodium-chloride cov- 
ers probably increase the volatility of 
copper, for example, by forming copper 
chlorides. With none of these are we 
concerned, however, since it has been 
clearly proved that the ague can be pro- 
duced by the inhalation of zine oxide 
alone, and only under very definite ana 
sharply limited conditions. 

Volatility of Zinc Oxide. — It has been 
claimed by Kowalke (11) that zine oxide 
is appreciably volatile at 1240° C. and 
can be completely volatilized at 1300° C. 
Since we are not dealing with atr even 
remotely approaching these tempera- 
tures, it is improbable that Kowalke’s 
work has any bearing on the ague. 


A REVIEW OF THE LITERATURE ON THE 
Toxiciry or Zinc OXIpE 


Introductory.—In a eritical study of 
the medical literature on zine oxide, con- 
sidered in the lght of our modern 
knowledge of the role and importance of 
the physical aspects of particle fineness, 
a number of striking discrepancies are 
apparent. Numerous clinical and exper- 
imental studies on the ingestion of zine 
oxide have proceeded almost side by 
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side with studies of the systemic effects 
from the inhalation of freshly burned 
zinc vapor. Reference will be found — 
indeed, in the earliest reliable reports 
on the ague — to the fineness of the par- 
ticles. In one report, which will be dis- 
cussed later, it was noticed that, when 
ingested, zine oxide produced by the wet 
method and that produced by the dry 
method differed in their physiological 
effect. That the microscope might throw 
some light on the cause of the diserepan- 
cles between the results produced by 
the inhalation of freshly burned zine 
oxide and those produced by the inges- 
tion of ordinary oxide as taken trom a 
bottle, seems to have been utterly 
ignored by even the most recent inves- 
tigators. 

Reports on the occurrence of the ague 
in the smelting and refining of zine ores 
containing lead, arsenic, ete., are lim- 
ited. Rather generally these reports 
contain statements upon the probable 
effeets of lead or other impurities, and 
Intimate that the impurities are of more 
Importance than the zine. Occasionally 
there have appeared evidences of the 
systemic effects resulting from the in 
halation of brass and other metallie 
dusts havine been econtused with the 
ague. Although such reports are the 
exception, they cannot be ignored. 

The medical literature on zine oxide 
may be conveniently grouped in five dis- 
tinct classes, under which it will be 
treated in this report: 

1. Accounts prior to 1845. 

2. Systemic effeets from zine oxide 
whether given internally or used exter- 
nally. 

5. Systemic effeets from the imbhala- 
tion of freshly burned zine oxide. 

4. General hygienic effeets in the 
smelting of zinciferous ores. 

). Systemic effects from the inhala- 
tion ot powdered brass. 


*) 


Groups 2 and 3 are the most imp 
tant, but for the sake of their echronolo. 
the classes may best be treated in | 
order given. 

Accounts Prior to 1845.— There js 
abundant historical evidence of the skxj|! 
of the ancients in gilding and in the ma 
ufacture and working of bronze, brass. 
and other alloys. Relable metallure: 
cal accounts, however, are lackine. |), 
their recent translation of Agricola’s 
‘“De Re Metalliea’’? (1546), Mr. and 
Mrs. Hoover (12, p. 354) state that brass 
was made prior to the Christian ers 
On zine oxide they quote Dioscorides 
(12, p. 215) (18), who deseribed the 
manutacture and recovery of pomplholy 
(zine oxide) and stated that it appeared 
at first like ‘‘bubbles of water, after 
ward increasing’ in size, it looks like 
skeins. of wool,’’ lana philosophica 
(philosophers’ wool). 

Foureroy’s (14) French edition 0! 
Ramazzini’s classic (1700) on industria! 
hvgiene contains accounts of lead colic, 
and mentions the fumes from gilding in 
hoiling off the mercury in the amalgams, 
but it gives nothine definite on brass 
fumes. 

According to Tanquerel des Planclhies 
(15), Guyton de Morveau (16), in 1751, 
was the first to advocate the use of zinc 
white in place of lead white for the m: 
ufacture of paint. After this date, the 
fore, we should expect to find accounts 
of the manufacture of zine oxide and | 
occurrence of the ague in this indus‘ 

Patissier (17), in 1822, deseribed 
oid process of amalgam gilding 
stated that ‘‘the oxidized vapors of ¢ 
per and zine’’ produce ‘‘eolie often 
companied by de douleurs terribl 
Thackrah (18), in 1831, mentio 
symptoms about like those of the a 


and eaused by the inhalation of fres 
burned oxide. For this reason bh 
frequently said to be the first to | 
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ecognized the condition as an entity. 
\Werneck (19), in 1831, appears to 
-o been the first to deseribe systemic 
‘oets from internal doses of zine oxide. 
-ysse (20), in 1837, is cited by Michaelis 
1) as having made a futile attempt to 
ure an epileptic with zine oxide. It 
4s not until many years later that this 
roatment was abandoned. 
Systemic Effects from Zine Oxide 
Given Internally and Used Externally. 
In 1847, Heller (22) published an ac- 
ount of the internal administration of 
easured doses (20, 60, and 120 erains 
ner day) of zine oxide suspended in 
svivar solution. Heller seems to have 
observed no systemic effects, and con- 
cluded that not only was the oxide phys- 
iologieally inert and, therefore, useless 
as a medicine, but that it was quanti- 
tatively recovered in the teees as the 
oxide, and that none appeared in the 
urine. 

Schlossberger (23), in the next vear, 
took exception to Heller’s results and 
analytical methods, and particularly to 
iis statements on the inertness of zine 
oxide. Sehlossberger showed that the 
oxide was appreciably soluble in weak 
cids, such as laectie and acetie acids, and 

ammonium and 
hat it could be digested or dissolved by 


chloride solutions; 

ich media as pepsin hydrochloride. He 

so mentioned the insolubility of albu- 
ate of zine. 

Bouvier (24), in 1850, reported a case 
so-called colique de zinc in a patient, 
cars of age, engaged in packing and 
dling zine oxide. While the symp- 

more violent than 

¢ ordinarily reported, they showed 


~ were rather 
expected systemic reaction occurring 

‘he ingestion of zine oxide. No lead 

i'senie was detected in the dust from 
patient’s hody and clothes — 
ut zine oxide. 


noth- 


ese reports appeared at about the 
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time that the manutacture of zine oxide 
in Kurope was receiving much impetus 
through its suecesstul use as a substi- 


tute tor white lead in paint. Lead colic 


was well known—so well known, in- 
deed, that reports on the effects of zine 
oxide may have received unconscious 


color owing to the contagious influence 
of the numerous reports on lead poison- 
ing. A report by Flandin (25), in 1850, 
is quite typical of this period. 
up pastes of zine oxide and lead sulphate 
and applied them to the shaved hides of 


Hle made 


dogs. Apparently no precautions were 
taken to prevent the dogs from licking 
and thus 
The dogs rubbed with the lead 
pastes died shortly, while those treated 
with 
Klandin, therefore, coneluded that the 


themselves swallowing’ the 


pastes. 
zine oxide showed no ill effects. 
oxide was harmless externally, and that 
its use as a white lead substitute was 
fully warranted on the basis of the re- 
spective toxicities of the two substances. 

Landouzy and Maumene (26), in the 
same vear, described systemic effects 
from zine oxide dust in seven men han 
dling galvanized iron wires which had 
become coated with a film of oxide. When 
clean wires were used no further effects 
were noticed. No analyses of urime or 
feces are recorded. 

Michaelis (21), in 1851, was the first 
to report an analytical technic for the 
determination of zine in tissues, and on 
this technic he based the value of his 
He differenti 
between zine oxide prepared by 


results and conclusions. 

ated 

burning zine and that prepared by ignit 

ing the hydroxide, but gave rather mea 

ger substantiation of the alleged differ 
Moderate 

elven to the rabbit. cat, dog, and horse, 


ence. doses of oxide were 
and analyses of urime and feces were 
made, followed by postmortem examina- 
Mollowing his investigations on 


Michaelis 


tions. 


took mild 


animals 


doses ot 
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oxide himself, and described the results. 
The systemic effects were caretully 
noted, and may be summarized in his 
conclusions that the oxide was harmless 
in small doses, that large doses pro- 
duced pronounced and definite effects 
due to the solubility of the oxide in the 
weak acids of the stomach, and that the 
compound formed was governed by this 
acid content. Hydrochloric and lactie 
acids were suggested as being the chief 
agents in producing solutions of the 
oxide. Diet was claimed to be the gov- 
erning factor in controlling the ecom- 
pound formed. Finally, he coneluded 
that if zine oxide was of use internally, 
which he did not claim was the ease, it 
should be administered as the lactate, 
acetate, or some other comparatively 
inert salt, and should not be used as the 
oxide, in which form it can too readily 
be converted into the chloride. If the 
oxide was used externally, he believed 
that acidity could play an important 
role in rendering it toxie. 

Tardieu (27), in 1852, deseribed the 
manufacture of zine oxide and, from the 
hvgienic point of view, gave it a clean 
bill of health. Bouehut’s (28) account 
was similar in this respect but he re- 
ported instances of the ague among men 
engaged im roasting zine ores tor mak- 
ine the oxide. Its occurrence, he said, 
was limited to those actually in the im- 
mediate vicinity of the furnaces, and the 
resulting malady was so trivial that it 
did not incapacitate the men the next 
day. Because zine oxide was used in- 
ternally as a medicine he believed that 
it could result in no harmful effects if 
breathed or ingested. Marcet’s (29) re- 
port, in 1855, should be considered as 
one of this group because he too be- 
lieved that zine oxide was beneficial as 
an internal medicine and as such was 
effective in cases of nervous disorders 
and epilepsy. He advocated doses of 30 


erains daily and claimed that the 
were no ill effects except ‘‘slight sick 
ness’’ and ‘‘constipation.’? This may 
be considered as quite typical of the gen 
eral view then prevailing on the medica 
use of zine oxide. 

Of the systemic effects of large doses 
there are several examples. Spillman» 
(30) reported an instance of a patient’s 
taking as much as 10 em. in water. The 
effects were naturally violent but seem 
ingly not fatal. D’Amore, Faleone, and 
Maramaldi (31) gave large doses of 
zine oxide to dogs and furnished post- 
mortem studies which showed a’ pro 
nounced and vigorous effect on all the 
organs examined. Not only were the 
doses administered excessive, but they 
were unaccompanied by any sort of 
check on the diet. Instead of grading 
the doses by some method consistent 
with the animal’s body weight, as was 
done by Michaelis, they gave as much 
as 1 gm. per day at the start and then 
diminished the quantity to 0.1 gm. after 
a few doses of the larger amount. 

Sacher (13), in 1893, presented an ex 
tensive report on the action of zinc 
salts. He concluded that both the oxide 
and the carbonate were inert in smal! 
doses but that they exercised notable 
systemic effects in large doses. Leb 
mann’s (32) investigations with zinc 
‘arbonate resulted in his concluding 
that it was comparatively inert. This 
salt is perhaps sufficiently like the oxice 
in its general solubility characteristi 
and inertness to justify their compar 
son on the basis of their physiologic 
action. In making this compariso 
however, the carbonate should be ¢o: 
sidered on the basis of the chemica 
equivalent amount of oxide. Conve! 
ine Lehmann’s figures of an avera 
dose to the dog of 44 mg. of oxide } 
day per kilo body weight into the che 


ically equivalent amount of oxide g!\ 
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On this 
asis Lehmann’s doses were less than 


feure of 28.5 mg. per day.’ 


be excessive doses of d’Amore and his 
and about like those of 
\lichaelis. The fact that the 
: vhieh he produced appeared negligible 
| . probably thus accounted for and this 
jnding does not conflict with the find- 
‘nos of Michaelis noted forty-six years 
previously. Stepp (83), in 1917, re- 
yorted a ease which, if there are no other 
factors entering in, is unique. To a 
patient suffering from eczema he pre- 
scribed the zine oxide 
Over a period of eighteen days 200 
om. were applied. Then the patient 
returned to the clinic, complaining of 
headache and difficulty in breathing. 
He showed a high pulse rate and had 
After twelve days in 
bed his condition was again normal. 
Stepp apparently did not consider the 
possibility of the patient’s getting the 
oxide into his mouth through the agency 
of his hands, as is the ordinary course 
of events in the handling of white lead, 
and offered no explanation of the effects 
which undoubtedly seem to have been 


.o-workers, 
effects 


4 5, m som 
eat i A ate eu 
oo EE TS 


use ot salve. 


zine in his urine. 


due to zine oxide. This, however, is but 
a single instance and, so far as the 
writer is aware, the only one of its kind 
cited in the literature. 

(54), Salant, Rieger, and 
Treuthardt (35) have investigated the 
distribution and 


Bigelow 


Zine 
While their work has perhaps 


elimination of 
salts. 
in indirect bearing only on the subject 
natter of this paper, it is of interest to 
1ote their conclusion that the bulk of the 
he 1s eliminated in the feces, traces 
uly being found in the urine. 

Turner (36) has reported what he 
‘foccupational 


ieCS as dermatoconi- 
s" produced from frictional skin in- 
tion with zine oxide. 


itlements it 


i ear 


‘rom his own 
that the 


- £m. of zine carbonate is chemically equiv- 
» U.649 gm. of zine oxide. 


appears intee- 


tions, which were of a mild and unim- 
portant type, were such as could be pro- 
duced by excessive rubbing with almost 
any fine, dry inert powder. 
and ‘‘its impurities’’ 
non-poisonous by Turner. 


Zine oxide 
are considered as 
His article, 
therefore, has no bearing on the toxicity 
of zine oxide and is of no importance in 
this connection. 

Systemic Effects from Inhalation of 
Freshly Burned Zine Ovide—The cases 
of the so-called ague, which have been 
reported in the 


literature, may be 


erouped under this class. Since zine 
oxide produces its most pronounced 


toxie effect when inhaled in the freshly 
burned state, this group is the most im- 
portant. There are a great many re- 
ports of the occurrence of the ague. In 
spite of its general prevalence it was 
many vears before the cause was posi- 
tively identified. Many theories were 
advanced and, because zine oxide was 

until a 
early in- 


used as an internal medicine 


comparatively recent date, 
vestigators were loath to believe that it 
could be the cause of any systemic dis- 
Since the 
mainly in the brass industries, it was 
that 


quently implicated as guilty in part, at 


orders. was noted 


ague 


natural copper should be fre- 
least, of causing the malady to which 


men in poorly ventilated brass foun- 
dries were subject. 

Jeginning in 1845 there appeared a 
series of reports for the most part 
much alike and in general quite aecu 
Blandet (37) 


description of the method in which zine 


rate. furnished a good 


oxide is produced in pouring brass, 


noted its fineness, pointed out that the 
ague was too well understood by the 
operatives to warrant their calling in 
and deseribed the 


medical assistance, 


symptoms and course of the malady 


about as it is deseribed in accounts ap- 


pearing in recent times. Guerard (38) 
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discountenanced Blandet’s hypotheses 
and rather naively attributed the causes 
to the drinking of too many lukewarm 
aqueous beverages. Then followed in 
rapid suecession a_ series of reports 
which, in the main, agreed with Blandet. 
All advocated better ventilation as the 
surest remedy. One suggested that per- 
haps copper together wrth the zine was 
the cause; another showed that lead was 
in the brass being east. The authors 
included in this series were: Levy (39) 
in 1845; Reboulleau (40) in 1847; Gard- 
ner (41) in 1848, who eave the first re- 
port in the United States; Chevallier 
and Boys de Loury (42) in 1850; Green- 
how (43) in 1862; and Sehnitzer (44), 
who presented the first German account. 
Because he was more emphatic, or per- 
haps because he wrote in Enelish, 
Greenhow is the most frequently cited 
of this group. 

[ln the original edition of his book in 
IST1 and in two subsequent editions, 
Hirt (45) suggested that copper and 
zinc together were responsible for the 
ague, and that the fact that the malady 
was not encountered in the ordinary 
metallurgy of zine was proof of this 
hv pothesis. 

Popotf (46), in 1873, reported an un- 
usual case. Tis patient was moved 
from other work to ecastine bronze and 
brass. Soon he became subject to at- 
tacks much resembling the ague, and 
atter several weeks reported al Popott’s 
elinie, Together with other lesser dis- 
orders the patient had a pronounced 
internal tumor which may have caused 
him to deseribe his feelines in stronger 
terms than would have been used by a 
normal healthy individual. The inter- 
esting pomt is that Popoff found zine in 
the man’s urine a month and a half 
after he had been away trom the toun 
dry. Untortunately, no control of diet 


Was exereised. 


Beginning in 1875 another distinc 
eroup of articles appeared, the autho) 
of which cited from the existing liter; 
ture but added nothing new: Lay 
(47) in 1875, Eulenberg (48) in 1876. 
Buck (49) in 1879, Lloyd (50) in 1880. 
and Poinearé (51) in 1886. 

A good account of the ague was pub- 
lished by Simon (952), in 1888, and has 
been cited frequently by later writers. 
He believed that the malady was in no 
way chronic, that an immunity could be 
developed, and that both copper and 
zine were responsible. Following Si 
mon’s article several more or less con 
ventional and unimportant reports were 
published by various authors: namely, 
Arlidge (53) in 1892, Czajkowski (54) in 
1893, Heinzerlinge (55) in 1894, Maher 
(96) and Oppenheimer (97) in 1895, Vil 
laret (58) in 1896, and Sommerfeld (59) 
in 1898. 

Hohmann (60), working with Leh 
mann, endeavored to produce the ague 
in animals by subjecting them to the 
fumes of freshly burned zine oxide from 
both brass and zine. While the pro 
cedure was a distinct step in the right 
direction their investigations did not 
brine forth their best results until a few 
vears later. A copy of their question 
naire to brass founders is ineluded in 
Hohmann’s paper. 

After Hohmann’s report two unin 
portant contributions by Mover and 
Lavin (61) and Sicard (62) appeared 
Sigel (65) published an extensive r 
port in 1906, in which he agreed wit 
Lehmann’s and Hohmann’s conclusio! 
that zine was the cause of the ague. | 
its permanent effects he cited Pop: 
(46) who, as has already been broug 
out, gave a report on a brass found: 
afflicted with far more serious ills th: 
the avue. Sigel stood beside the mo! 


while castings were poured, caught 1 
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-ye, and deseribed its progress in 
imselt. 

Lehmann (64), in 1906, showed that 
e ague could be produced from the 
vning of zine alone. He and four 
‘hers, one of whom was a caster who 
as said to be unusually susceptible, re- 


sined in a room where Merck’s chem- 


ally pure zine was vaporized and 
rned. Analysis of the room = air 


-howed the presence of 0.1 to 0.4 mg. of 
ine oxide per liter. No zine vapor or 
inc peroxide was found. In this article 
ehmann states that he can offer no ex- 


planation of the mechanism by which 


ine oxide does harm, but suggests the 
jossibility of the destructive action of 
ihe fine oxide on the epithelial cells of 
the respiratory passages. In this con- 
ection he has pointed out his repeated 
failures to produce analogous effects by 
the tracheal injection of zine oxide. 
since 

that 


gvener- 


Lehmann’s experiments have 


received such wide recognition 


they may be considered as 


ally aecepted. In apparent ignorance 
of Lehmann’s work, Perry (65), in 1907, 
claimed that no effects resulted from in- 
ialing freshly burned zine oxide, as he 
id done it frequently without suffering 
iv harm. 
ore, that 


cause of the ague. 


It was his opinion, there- 
the 
He rather believed 
amount 


ZINC oxide eould not he 
hat the small of arsenic con- 
ined in commercial spelter was the 
biti ss 

(rraeve (66). in 


eS in which the symptoms were so 


L907, deseribed two 
cit that he hesitated in placing the 
Ine on zine, and was of the opinion 
further confirmation, which is no 
re Turnished, was needed to settle 
Matter, Weyl (67) reviewed the ex- 
if opinions and gave examples of 
prevalence of the ague in poorly 

ated shops which he compared on 
asis of the heights of the ceilings, 


18) 


this giving a rough index of the ade- 
quacy of the ventilation. Roth’s (68) 
account is quite in keeping with litera- 
ture of that period and contains no new 
information. 


In 1910, Lehmann (69) deseribed 
more fully his earlier experiments (64) 
in which he showed that the ague could 
be produced by burning pure zine. 

Arnstein (70) has furnished a series 
of clinical reports on the effeets experi- 
enced by himself and his assistants as 
a result of their having stood near the 
molds when brass, with zine content of 
about 25 per cent., was being cast. He 
determined the zine-oxide content in the 
air inhaled as 0.23 mg. per liter, which 
is a close approximation to Lehmann’s 
(64) earlier figure of 0.1 to 0.4 mg. per 
liter. 


the urime and appreciable amounts in 


Arnstein found traces of zine in 


the feees. 

(71) elaims that a 
marked similarity exists between the 
the 


vapors than be 


Kisskalt more 


effects produced by inhalation of 
various heavy metal 
tween those produced by 
these same metals into the system by 
other means. Subeutaneous injections 
of zine salts are said to cause a rise in 
body temperature experimentally dem 
onstrable in animals. On this basis an 
analogy is drawn between the systemic 
effects of zine, mereury, and copper. 
Since the early experiments of Mich 
aelis (21), von Jaksch’s (72) rather ex 
tensive investigation is the first in 
which there is an attempt to explain the 
difference between the effeets of ingest 
ing ordinary zine oxide and inhaling 
freshly burned oxide. He believes, like 
Michaelis, that the oxide is so insoluble 
that i 
ride or lactate before it makes its action 
Felt. 


classify doses according to size and to 


must be converted into the chlo 


urthermore, he attempts to 


the effects produced. 


introducing 
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) 


Bargeron (73) and Rambousek (74) 
eave the usual accounts of the ague, 
Ptender (75) mentioned its occurrence 
in oxyacetylene brazing, and Thompson 
(76) differentiated between the effects 
of inhaling metallic dusts and _ the 
effects of inhaline fresh zine oxide 
fumes. ‘Thompson’s article contains 
some rather unfortunate misstatements 
on the volatility of copper, copper ox- 
ide, and zine oxide. 

Hayhurst (77) has written extensive- 
ly on the ague. From the medical point 
of view his accounts are admirable and 
show evidence of much study and per- 
sonal investigation into the general 
hygienic conditions prevailing in brass 
foundries. From the metallurgical and 
chemical side there are many inaccura- 
cies. The hypothesis of zine carbonyl 
as the cause of the ague has already 
been shown by Gillett (1, p. 259) to be 
totally untenable. Hayhurst’s compari- 
son or analogy between zine oxide and 
zine chloride on the basis of their hygro- 
scopicities is entirely out of keeping 
with the well-known and totally differ- 
ent solubility characteristics of the two 
compounds. What he says of the sear- 
ing action of zine oxide would apply 
equally well to any other dry inert pow- 
der. 

Oliver (78), in his ‘*‘ Diseases of Oc- 
cupation’’ (1916), maintains his hypo- 
thesis of 1902 that zine and copper to- 
vether are responsible for the ague. 
Riesman and Boles (79) quote from 
Oliver in giving a review of the purely 
medical and hygienic aspects of the 
ague. Like Oliver they maintain that 
it ean be effectively prevented by ade- 


quate ventilation. 


Lehmann’s (80) reeent book contains 
a well-summarized account of his previ- 
ous investigations and a clear exposi- 
tion of his theory ot the aetion of zine 


oxide on the epithelial cells and bact: 
of the respiratory passages. 


Rost (81) discusses the general « ‘x. 
tribution of zine in plant and animal |)/'¢ 


and points out the necessity of diet ¢ 


trols in considering the zine content of 


urine and feces in men or animals liv 
on normal mixed diet. In experiments 
with animals Rost (82) later shows tha; 
zine oxide ean be taken up in the lunes 
and ultimately excreted in the urine. 
Three dogs and two rabbits were placed 
together over the same mold in a brass 
foundry so that all inhaled air of about 
the same zine-oxide content. One doe 
had been tracheotomized so that he 
could take in zine oxide by the stomach 
alone; another had his esophagus closed 
off so that the zine oxide could enter the 
lungs only. They showed fairly com 
parable systemic effects as to tempera 
ture, and both showed zine in the urine 
with larger amounts, of course, in thie 
feces. In themselves, Rost and _ his 
assistant had no difficulty in producing 
the ague, which they deseribe in thie 
usual terms. Zine was found in their 
urine for several days after exposure to 
the fumes. 

General Hygienic Effects in Smeltiy 
of Zinciferous Ores.—While of interes’ 
from the point of view of general |i 
ciene in ore smelting and metallurgical 
operations, reports in the literature 
coming under this classification are 0! 
little importance in considering the tox 
icity of zine oxide. It is obvious th: 
we are dealing with the = syst 
effects ot ZINC oxide, the presence 
metals other than zine, unless in 
definitely known amounts and 
conditions thoroughly understood, 
ders the implication of zine as the | 
of possible poisoning’s a matter « 
treme doubt. For this reason too 
weight should not be given to repo 
veneral smelting and refining ot 
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i) 1879 an article appeared by Schloc- 
yy (88), in which he rather incrimin- 
ad gine for certain ill effects noted 
jong metallurgical workers. Tracin- 
j’s (84) account, in 1888, has in real- 

little to do with zine, although it 1s 
‘equently cited. Seiffert (85), Wutz- 
vff (86), and Frey (87) have all writ- 
, on this general subject. The subject 
atter of their articles is really irrele- 

‘ant to that under discussion and their 

napers are mentioned only because they 

are so frequently cited in the literature 
on zine and the ague. 


Systemic Effects from Inhalation of 
Powdered Brass.—In the early accounts 
of the ague references are sometimes 
made to systemic effects from the in- 
halation of brass powder, such as re- 
sults from grinding and buffing of brass 
writers have distin- 
cuished the ague by its lack of period- 


objects. Some 
icity, the so-called brass poisoning being 
said to exhibit a type of periodicity as 
its outstanding feature. Regardless of 
the accuracy of either statement, effects 
trom the inhalation of powdered brass 
and like copper or zine alloys, whether 
serious or trivial, chronie or irregular, 
effects from zine oxide and 
should not be confused with brass found- 


are not 


ers’ ague. <A typical report is that 
published by Hogben (88) in 1887. He 


defends the action of zine oxide on the 
erounds that it has proved beneficial to 
patients, and believes that the ‘copper 
reen line’? exhibited by his patients, 
0 were employed in. brass-finishing 
rk, was sufficient evidence that cop- 


Was to blame. Later reports by 
(90) 


These re- 


'ray (89) and Pietrowiez 


that of 
's are mentioned only because the 
effects 
quite 


are 


ch like Hoeben. 


temic which cleseribe 


frequently 


they 


heen confused 


the ague. 
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COMPARISON BETWEEN SYSTEMIC HFFECY?S 


or EF resuity BurRNED Zinc OXIDE 
AND OF NorMAL ZINC OXIDE 
POWDER 


From the physico-chemical and metal- 
lurgical standpoints there is no evidence 
whatever that the substance produced 
by burning vaporized zine is anything 
but zine oxide. Attempts to show the 
presence of any other zine compounds 
resulting from this oxidation have given 
negative results. 

That there is a very definite physio- 


logical difference in the effects pro- 
duced by inhaling fumes of freshly 


burned zine oxide and those produced 
by normal zine oxide powder is shown 
by the numerous reports on the ague 
and the comparatively rare instances of 
systemic disturbances among men hand- 
ling the powder. The 
tempts to produce the ague artificially 
by the injection or ingestion of oxide 


recorded at- 


powder have invariably given negative 
results. Well-defined systemic effects 
from swallowing oxide have been re- 
peatedly produced and show that the 
magnitude of the effects vary in propor- 
tion to the amount of oxide taken into 
the system—small doses gave negligible 
results and large doses produced gastro 
intestinal disorders and nephritis. In 
there recorded ev1- 


no instances are 


denees of chills or fever. Inhalation of 


freshly burned oxide, no matter how 
produced, has invariably given rise to 


the ague and the characteristic symp 


toms with ehills and fever. In both 
cases zine is found in the urime and 
feces, 

Comparison otf doses of freshly 


burned oxide inhaled with doses of nor 
mal oxide powder ingested, on a weight 
basis, shows that doses of the powder 
have been given which are many times 


ereater than the amounts taken into the 
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system by remaining from twenty to 
thirty minutes in close vicinity to a 
source of freshly burned oxide and 
breathing normally. From Arnstein’s 
(70) figures of 0.23 me. of zine oxide 
per liter of air, in one hour, a normal 
individual at rest would inhale approxi- 
mately 120.0 mg. of oxide.’ Doses of 
oxide powder far exceeding this in 
weight have been given without produc- 
ing anything like the same results. 

Much of the oxide in an ordinary 
breath of air containing oxide of either 
type is undoubtedly mechanically 
stopped on its passave to the lunes, and, 
unless ejected by expectoration or 
coughing, ultimately reaches the stom- 
ach. The oxide which reaches the lung's 
must either remain there, be phagoecy- 
tised and pass out by the lymph, or pass 
into the blood capillaries of the lung. 
Some may find its way up the trachea 
again and be swallowed. 

That portion of the zine, whether in- 
vested or inhaled, appearing in the 
urine represents oxide which has been 
chemically acted upon and actually dis- 
solved. Otherwise it would not appear 
in the urime. The zine which is tound 
in the feces is, in all probability, un- 
changed zine oxide and has been truly 
inert—in the purely chemical sense. 
The ratios of the zine appearing in the 
urine and feces are, from the accounts 
in the literature, varving quantities, as 
would be expected. The amount in the 
urine is invariably triflme compared 
to that in the feces. Whether or not the 
zine in the urime represents all that 
which has produced a systemic effect is 
a metter of speculation on which pres- 
ent knowledge is msufheient. 

Michaelis (21) explains the phystio- 


lovical etfeet of zine oxide inevestions on 


This is allowing 500 ec. per breath and seven- 


teen breaths per minute. For a man undergoing 
Vigorous physical exercise this quantity would be 
increased about two or three times, 


the ground of zine chloride formaticy. 
Lehmann (64) (69) (80) explains the 
ague effects from freshly burned zine 
oxide as due to the destruction of the 
epithelial cells of the respiratory tract, 
Michaelis’ explanation appears high) 
probable and would account for the 
effects noticed from oxide ingestions, 
Lehmann’s theory places the fresh zinc 
oxide on the same footing as any other 
dry inert insoluble powder. 

Particle Size.—Ilt has been shown by 
Wells and Gerke (91) that particles of 
the order of 1 micron and less do not 
obey Stokes’ law governing rates of 
settling in such media as air. This 
observation applied to individual and 
dispersed tobacco smoke particles which 
they estimated to be 0.273 microns in 
size. They found that time appeared to 
be a factor in the rate of particle floc 
culation, and plotted frequeney curves 
to illustrate this point. 

In the measurement and counting of 
small particles such as zine oxide, 
Green (92) has pointed out the pro 
found error caused by ignoring’ floccu 
lation. He found zine oxide particles 
to be of the order of 0.534 microns, or 
about twice the size that Wells and 
Gerke recorded for tobacco smoke pa 
ticles. That zine oxide, as taken from 
a bag or bottle, is floeeulated to a high 
degree, will be disputed by no one whio 
has ever compared it, even macrosco}) 
cally, with the freshly burned oxic: 
fumes, 

Factors Affecting Particle Flocc: 
tion.—It is a matter of daily obsei 
tion that humidity exerts a great i! 
ence in diminishing air dustin 
Katz, Lonefellow, and Fieldner (‘ 
have pointed out the necessity of us 
silica dust dried at a high temperat 
and dry air in the artificial product 
of dust clouds. This seemingly elen 


tary but important fact has been 































ned repeatedly by the writer with 
4 er fine powders much like silica in 
3 sir adsorptive properties. Whether 
: eulation of the particles is caused by 
adsorption of moisture alone, by 
octrostatie effects, or is an expres- 
yy) of some other effect, such as sur- 
see tension, has not, so far as the writer 
aware, been definitely proved. On 
facets, however, there can be no 
ubt—humidity exerts a marked effect 
promoting particle flocculation. 
Vhat the optimum conditions for pro- 
lieing flocculation are has yet to be 
determined and appears to be one of 
‘he most needed factors in the handling 
of dust problems. 

Thoroughly dried dusts with which 
‘he writer has worked behave quite dit- 
erently from those containing adsorbed 
noisture. The former are more dis- 
ersed and float about in the air much 
nore readily and, on passing through 


] 
lass or 


other tubes, have little ten- 
dency to adhere to the sides of the tube, 
even if there are numerous sharp bends. 
locculated particles, possessing the 
ormal adsorbed moisture content, tend 
deposit themselves on the walls of 
tubes and particularly at points where 
ey are foreed to undergo a marked 
mange in direction. 
“ic oxide, freshly produced by the 
dation of vaporized zine, is in the 
timum condition of dispersion, and 
nevitably dry. Consequently it is 
te optimum condition to pass 
ivh the mouth into the 
ca and down into the lunes with- 


comme into eontact 
walls. 


hose or 


with the tra- 
If the particles reach the 

in the freshly burned dispersed 
they offer the maximum surface 
Hagoeyvtosis and ultimate solution. 


Nocculated, they inevitably offer 


Cly less surface and are conse 


} . . 
lCSS readily dissolved, since the 
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speed with which particles are dissolved 
is a function of their surtace area. 


A PosstpLt—éE EXPLANATION OF DIFFERENCE 
IN PHYSIOLOGICAL ACTION OF 
Zinc OXIDES 


Dispersion and absence of adsorbed 
moisture would appear, then, to be the 
main points of difference between the 
zine oxide which produces the ague and 
that which does not. 
marked physical 


That there is a 
difference between 
these two types of oxide and that this 
difference is utilized commercially in 
oxide manutacture and collection is at- 
tested to by Breyer (94). 
cal difference in the state of the particles 


If this physt- 


explains the difference in their physio 
logical effects, it should be possible to 
show the degree and rate at which the 
factors producing flocculation gradually 
or abruptly bring the freshly burned 
oxide into the state in which it no longer 
produces the ague. This appears to be 
actually carried out in the manutacture 
of zine oxide. Men workine’ near the 
furnaces where the oxide comes off in 
the treshly burned state are subject to 
the ague; those in industries where this 
same oxide is handled and where zine 
oxide is also inhaled do not complain 
of the ague. In both cases it is chemi 
cally zine oxide and virtually pure. In 
the treshly burned state it is made up 
of dispersed particles. In the other 
state it is largely floceulated, undoubt 
edly lower in temperature, and contais 
some adsorbed moisture. Considered 
in this light the toxicity of zine oxide 
interest and 


is of Importance to the 


manufacturer, the elinician, and the 
industrial hygienist alike. Considered 
simply as a malady which can be avoid 
eq I\ adequate ventilation, the brass 
founders’ avue appears LO he ot minor 


Importance, In the latter case it is 
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very properly placed under the domain 


ot 


preventive medicine, and its ocecur- 


rence is aseribed to carelessness. In 


the 


former éGlassification it ean be re- 


carded as a convenient lnk between 


fumes and dusts, and as such it offers 
an interesting and important problem 
on the effects of humidity, temperature, 


particle size, and flocculation on the 


collection of dust particles. This phase 


ot 


ot 


the problem will form the subject 


a future paper. 


SUMMARY 


The physio-chemical factors govern- 


ing the formation of zine oxide ar 
cussed, the conditions under which |}; 
oxide produces the brass foun 


‘\~ 


Ss 


ague are deseribed, and the litera) yy. 


on the toxicity of zine oxide is reviewed 


A distinction is drawn between {hp 
physical states of zine oxide as inhi\led 


from the burning of vaporized zinc yd 
oxide powder ot which the particles 
have become floeeulated. On the basis 
of this difference in physical states, » 
possible explanation of the difference 
in physiological effects of the two types 
of oxide is offered. 
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BOOK REVIEWS 


THE NEWER KNOWLEDGE OF NUTRITION. THE USE 
OF FooD FOR THE PRESERVATION OF VITALITY AND 
HEALTH. By EF. V. McCollum, Ph.D., Se.D., Pro- 
fessor of Chemical Hygiene in the School of 
Hygiene and Public Health, of the Johns Hopkins 
University, Baltimore, Md. Cloth. Second Edi- 
tion. Pp. 449 with preface, table of contents, jllus- 
trations, and index. New York: The Macmillan 
Company, 1922. 


THE average scientifi¢ man views with 
gratification a book which — satisfactorily 
summarizes a vast amount of literature. Dr. 
MeCollum has eollected the most recent 
material on amino acid, inorganic salt, and 
vitamine needs, and has sorted, discussed and 
judged it. Everyone scientifically interested 
in metabolism should read this book, for it 
completes Lusk’s ‘‘Seience of Nutrition,’’ 
and therefore furnishes a thorough sum- 
mary of the hard-worked field of metabolism. 

The book is not a textbook; the style is too 
chatty, and the evidence too detailed. <A 
history of the development of the subject of 
nutrition is first presented, showing how 
ideas have erystallized and present theories 
developed. The new biologic methods for 


the analysis of foodstuffs, by which individ- 


ual proteins of foods are tested on animals 
for their efficiency in producing growth and 
health, are thoroughly deseribed. Equally as 
essential as the caloric content of foodstutts 
—in regard to their physiologic effeets—are 
vitamines and well-balanced variations in 
foods. 


In a chapter on rickets, Dr. MeCollum 
states that three dietary factors are con- 
eerned primarily in the development and 
normal metabolism of the skeletal tissues: 
phosphorus, calcium and vitamines. A con- 
tribution of great importance in this con- 
nection is the recent discovery by MeCol- 
lum and others that ‘‘the ratio between the 
concentration of ecaleium and of phosphorus 
in the diet may, within certain limits, be of 
ereater significance to the welfare of an 
animal than the absolute amounts of these 
substances which the diet contains.”’ 

Thus a very interesting, relatively new 
field of science is well epitomized. The 
statements made are based on experimental 
work; the book is replete with references. In 
addition to its scientific value, the book is a 


J. C. Aub. 





source of real pleasure. 





